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used  to  train  refrigeration  and  cryogenics  specialists.  The  course  is 
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each  lesson),  and  workbooks  containing  review  tests  for  each  subject 
block.  Materials  are  illustrated  with  line  drawings.  (RC) 
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DEPARTMENT  OF  THE  AIR  FORCE 

USAF  Technical  Training  School  (ATC) 

Sheppard  Air  Force  Base,  Texas  76311 


PLAN  OF  INSTRUCTION  J3ABR54530  001 

(PDS  Code  YSX) 
20  September  1982 


FOREWORD 


1.  PURPOSE.    This  publication  is  the  plan  of  instruction  (POI)  when  the  pages 
listed  on  Page  A  are  bound  into  a  single  volume.    The  POI  contains  the  qualita- 
tive requirements  for  course  J3ABR54530  001,  Refrigeration  and  Cryogenics 
Specialist,  in  terms  of  criterion  objectives  for  each  unit  of  instruction  and 
shows  time,  training  standard  correlation,  and  support  materials  and  guidance. 
When  separated  into  units  of  instruction,  it  becomes  the  lesson  plan/Part  I. 
This  POI  was  developed  according  to  AFR  50-8,  Instructional  Systems  Development 
(ISD),  and  ATCR  52-6,  Curricula  Documentation. 

2.  COURSE  DESIGN/DESCRIPTION.    The  instructional  design  for  this  course  is 
Group/Lock  Step.    The  course  trains  airmen  to  perform  duties  prescribed  in 
AFM  39-1  for  Refrigeration  and  Cryogenics  Specialists,  AFSC  54530.  Training 
includes  the  use  of  publications  and  forms;  and  identification,  location, 
function,  installation,  operational  checking,  servicing,  repair  and  maintenance 
of  refrigeration  and  air  conditioning  systems.    The  course  also  includes  water 
analysis  and  conditioning.    In  addition,  military  training  is  provided  on  driver 
education,  troop  information  program,  commanderfe  calls/briefings,  etc. 

3.  REFERENCES.    This  POI  is  based  on  Specialty  Training  Standard,  54530/50/70, 
July  1980,  and  Course  Chart  J3ABR54530  001,  11  August  1982. 

FOR  JTHE  COMMANDER 


JAMBS  T.  CARROLL,  Colonel,  USAF 
Qbmfaander,  3770  Technical  Training  Group 


EKLC 


Supersedes  Plan  of  Instruction  J3ABR54530  001,  22  December  1980 
OPR;    3770  Technical  Training  Group 
DISTRIBUTION:    Listed  on  Page  A 
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POI  J3ABR54530  001  Changed  8  June  TQfil 
WRITE-IN  CHANGES 


BLOCK 
I 

II 
All 

All 


PAGE 
12 
44 

5  thru  79 
3  thru  83 


Effective  Date:    21  July  1983  1 


ACTION 

Criterion  objective  I6f:    Underline  "8g(8)" 

Criterion  objective  III8h:    Underline  "16c" 

Student  Instructional  Material:  After  each  SW 
title,  add,  "  (DS)" 

All  criterion  objectives:  Delete  "W"  by  lining 
through. 


ii 
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POI  J3ABR54530  001     Changed  10  February  1984 


Write-in  Changes 
Block  Page 
I  1 


IV 


IV 


47 
47 


Effective  Date:    28  February  1984 


Action 


Criterion  objective  I  la(12) :  After  energy,  add 
"(Fraud,  Waste  and  Abuse)" 

Criterion  objective  VI  la:    After  la(3)  add 

Teaching  Step  "(4)  Engineered  Performance  Standards)" 

Under  Student  Instructional  Materials,  add 

"DS  AFS  54,  55  and  56,  Engineered  Performance  Standards" 


iii 


riAMEOF  (N^f  RU^t6r 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PARTI 


BUOCK  TITLE 

Electrical 


COURSE  TiTLC  Ref  rigex^tt ion  and 


COURSE  CONTENT 


Z  TIME 


|T7  Orientation 

a.    Course  Introduction  to  include: 

(1)  Welcome 

(2)  Overview  of  course  content,  its  goals  and  administration 

(3)  Responsibilities  of  students 

(4)  Relationship  of  graduate's  performance  to  Air  Force  mission 

(5)  Benefits  of  the  CCAF  and  its  assignment  of  academic  credit 
I  for  training  completed  at  regional  accredited  institutions 

(6)  Types  and  uses  of  Instructional  material 

(7)  Student  progress  policies  to  include: 

(a)  Progress  checks 

(b)  Written  tests 

(c)  Special  individual  assistance 

(d)  Proficiency  advancement 

(e)  School  grading 

(8)  Student  recognition  program 

(9)  Effective  study  techniques 

(10)  Procedures  for  shelter  exercises  and  fire  evacuation  plan 

(11)  Student  critique  program  and  its  objective 

^^^^  ^aJT"^^^^  materials,  resources  and  energy^ft^, 

C13)  Disposition  of  elimlnees 


2/0 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 


1                            SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE  1 

1    POI  NUMBER                                                    j  3.005 

1  J3ABR54530  001                           |  i 

UNIT                 DATE                                                 PAGE  NO.  ! 

1            20  Sep  1982                  1  | 

JUN  78 


COURSE  CONTENT 


(14)  Necessity  of  TDY  personnel  clearing  through  In-Processing 
at  Base  Personnel 

(15)  Instructions  for  completion  of  STTC  Form  120,  Processing 
Checklist  -  TDY  student  personnel 

SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
SG  J3ABR54530  OOl-I-l,  Orientation 
ATCPT  52-11,  Study  Skills 

Audiovisual  Aids 

Prenarrated  Slide:  NSS  55-42,  Student  Critique  Program 

Prenarrated  Slide:  Community  College  of  the  Air  Force 

Prenarrated  Slide:  NSS  60-67,  Generality  Gap 
Chart  Set,  Chain  of  Command 
Training  Methods 

Lecture/Discussion  (2  hrs) 

Instructional  Guidance 

Welcome  students  to  the  course  and  discuss  orientation  items  listed. 


POI  J3ABR54530  001 


20  Sep  1982 


2 


PLAN  OF  INSTRUCTION/LESSOH  PLAN  PARTI                               "  ■" 

COURSE  TITLE  Refrigeration  and 
 ■  CrvogenJfs  Snppfal-fah  

fElectrlcal 
I. 


COURSE  CONTENT 


Civil  Engineering  Organization  and  Safety 

a.  Using  the  materials  provided,  identify  the  career  ladder  progres- 
sion, three  duties  of  the  apprentice  refrigeration/cryogenics  specialist, 
mission,  and  organization  of  CE  units,  wLth  no  more  than  four  errors. 
jSTS:    2sb  iJ2.>  Is.     Meas:  ^  PC 

CD  Civil  Engineering  Mission  and  Organization 

C2)  Mechanical/electrical  career  field 

C3)  Progression  career  ladder 

C4)  Duties  of  the  AFSCs  skill  level 

b.  Using  material  provided,  identify  basic  facts  relating  to  the  AF 
)ccupational  Safety  and  ffealth.  (AFOSE)  program  with  80Z  accuracy. 
STS:    3a,  3b,  3e,  3f,  3£      Meas:  -Jf;  PC  ^ 

CD  AFOSH  Standards  for  AFSC  545X0 

C2)  Hazards  of  AFSC  545X0 

(3)  Job  safety,  fire  prevention  and  occupational  health,  training 

C4)  Hazard  reporting  and  abatement 

C5)  Mishap  reporting  and  investigation 

c.  Using  material  provided,  state  three  of  the  rules  concerning 
individual  responsibilities  to  the  AFOSH  program.    STS:    3d      Meas:--!<  PC 

CD    Individual  responsibilities 

d.  Given  tha  information,  list  the  first  aid  procedures  for  electri- 
cal shock,  controlling  bleeding,  traumatic  shock,  and  heat  exhaustion  and 
leat  stroke,  with  80%  accuracy.    STS:    3ifl)  .  3±m ,  3i(3)  3i(4) 

*eas:  JH^  PC  ^  — ^ 

CD  Electrical  shock 

C2)  Controlling  bleeding 

C3)  Traumatic  shock 

C4)  Heat  exhaustion  and  heat  stroke 


'Z  TIME 


7/0.5 
a.  5/0) 


a.5/o: 


CI. 5/0) 


SIGNATURE  AND  DATE 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 


C2.5/.5) 


POI  NUMBER 

J3ABR5453a  001 


ERIC 


ATC  JuHTt  '33 


BLOCK 


SIGNATURE  AND  DATE 


UNIT 
2 


DATE 

20  Sep  1952 


PREVIOUS  EDITION  OasOL^E 

10 


PAGE  NO. 

3 


COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 


_Student  Instructional  Materials 

SG  AFS  54,  55,  and  56,  All  Courses  -  Safety 

Z  il^^llln  Z'r'l'  ""^  Engineering  Organization  and  Safety 
Sp^-^?^  ul  r?  7i1'  ^^'^\^^S±neerins  Organization  and  Safety 
2TP.-9039-J1,  Civil  Engineering  Mechanical/Electrical  Career  Field 


Training  Methods 
Lecture/Discussion  C7  hrs) 
directed  Study  CO. 5  hr) 


Instructional  Guidance 

Discuss  how  the  refrigeration  and  cryogenics  specialist  career  field  is  related 

wLre  hf ;i\rfi;^"'";ur''°"  °'  '^'^^  engineering  units.    Show  the  student 
Where  he  will  fit  into  this  organization.    Review  the  procedures  given  in  SG 
ffn  J  '  l  ^"""^  accident  reporting  and  first  aid  for  electrical 

shock  and  other  emergencies.  Evaluate  objectives  bv  usin?  Irr  VnlJat  . 
study  assignments  will  be  accomplished  b/a  ^Itle^ .lll^l^^^^^^ 


ERIC 


NAME  OF  INSTRUCTOR 


PLAN  OF  IHSTRUCTION/LESSON  PLAN  PART  I 


BLOCK  TITLE 

Electrical 


COURSE  TITLE  Refrigeration  aad 
 Cryogenics  Specialist 


1. 


COURSE  CONTENT 


3.    Hand  tcola 


a.  Given  randomly  selected  hand  tools,  Identify  them,  state  their 
use,  safety  precautions  and  maintenance  requirements,  with  75%  accuracy 
SIS:    3hC6),  7a       Meas:  Jif^"  PC 

Cl)    Types  of  hand  tools  and  their  application 

C2)    Care  of  hand  tools 

D)    Safety  precautions  wh.en  using  tools 

b.  Select  a  drill  hit,  and  drill  one  hole  in  the  metal  provided, 
using  a  drill  press.    Lubricate  the  equipment  as  necessary  and  observe 
electrical/mechanical  safety  precautions.    The  hole  must  be  within  1/8" 
of  the  point  designated  by  the  instructor.    Instructor  assistance  is  per- 
mitted.   STS:    ShCD.  3h(2),  7b       Meas;  Jf^  PC 

(1)    Use  and  maintenance  of  shop  equipment 

C2)    Safety  precautions  when  using  shop  equipment 

SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 


Z  TtME 


2/0 
Cl/0) 


Cl/O) 


SW  J3ABR54530  001-1-3,  Hand  Tools  (ds) 
WB  J3ABR54530  001-1-3,  Hand  Tools 
2TPT- 3200-01,  Common  Hand  Tools 

Commercial  Text,  Modem  Refrigeration  and  Air  Conditioning 
Training  Equipment 


Hand  Tools 
Drill  Press 

Training  Methods 


Lecture/Discussion  (1,25  hrs) 
Demonstration  CO. 25  hr) 
Performance  CO. 5  hr) 


SUPERVISOR  APPROVAL  OP  LESSON  PLAK 


SIGNATURE  AND  DATE 


_ 


POl  NUMBER 

J3ABR54530  001 


ATC 


FORM 
JUN7S 


8LOOC 
I 


133 


SiCNATURE  AND  DATE 


UNIT 

3 


DATE 

20  Sep  1982 


PAGE  NO. 

5 


PREVIOUS  EOITIOK  OaSOUETE 


COURSE  CONTENT 


Instructional  Guidance 

Place  adequate  emphasis  on  the  use  of  the  drill  press.    Students  should  always 
wear  goggles  when  operating  the  drill  press.     Criterion  objective  performance 
may  be  practiced  before  the  performance  measurement  activity  begins.  Instructor 
assistance  may  be  given  during  the  performance  of  criterion  objective  3b.  Eval- 
uate criterion  objectives  by  using  ATC  Form  98. 


POI  J3ABR54530  001 


20  Sep  1982 
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NAME  OF  INSTRUCTOR 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


COURSE  TSTLE    Refrigeration  and 
 Crvoeenlcs  Specialist 


SLOOC  TITLE 

Electrical 


1. 


COURSE  CONTENT 


i 


4.    Electrical  Principles  and  Circuits 

a.    Given  a  series  of  incomplete  statements  pertaining  to  elemental 
electricity,  current,  resistance,  voltage,  and  magnetism,  explain  the 
basic  principle  of  each  by  completing  80%  of  the  statements  correctly. 
STS:    8b,  8d,  8e       Meas:  PC 


(1) 

Matter 

(2) 

Elements 

(3) 

Molecule 

(4) 

Atom 

(5) 

Electron 

(6) 

Coulomb 

(7) 

Ampere 

(8) 

Resistance 

(9) 

Voltage 

(10) 

Magnetism 

b.    Given  ten  military  standard  symbols,  including  those  for  switches 
circuit  breakers,  solenoid  valves,  and  fuses,  identify  each  and  state  the 
types  and  purpose  for  eight  of  the  ten  components.     STS:    8a,  8f (2) (a)> 
8f(2)(b)>  8f(2)(c),  8f(2)(d)       Meas:   4fr  PC 


(1)  Circuit  symbols 

(2)  Switches 

(3)  Circuit  breakers 

(4)  Fuses 

(5)  Solenoid  Valves 


Z  TIME 


L7.5/6.5I 
(4/3) 


(3/. 5) 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN  1 

SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE  1 

POI  NUMBCR  BLOCK 

J3ABR54530  001  I 

UNIT            j    DATE  PAGENci 

4        1     20  Sep  1982                    7  j 

erJc 


COURSE  CONTENT 


c.  Given  the  material  and  information,  draw  a  simple,  aeries,  and 
parallel  circuit.  State  the  current,  voltage,  and  resistance  relation 
ship  in  eack  circuit,  with  a  total  of  no  more  than  two  errors. 

STS:    SfCDCa).  8fCl)Cb)>  8f(l)(c)>  8fC3)      Meas:   ^  PC 

(1)  Electrical  symbols  and  diagrams 

C2)  Simple  circuits 

C3)  Series  circuits 

C4)  Parallel  circuits 

d.  Using  an  electrical  trainer,  construct  an  operative  series  and 
parallel  circuit  with  instructor  assistance.     STS:     3h(l),  8f (5)  Meas: 


CD    Series  circuit  construction 
(2)    Parallel  circuit  construction 
C3)     Safety  precautions 

e.    Using  an  electrical  meter  provided,  select  the  proper  mode  and 
determine  the  electrical  values  of  a  designated  electrical  circuit  to 
+  5%  of  meter  scale  value.    No  more  than  one  assist  on  safety. 
STS:    3ha),  7c,  8h(l)       Meas:  ^  PC 

(1)  Operating  principles  of  electrical  meters 

(2)  Selection  of  meters 


(3) 


Use  of  meters  to  determine  values 


(4) 


Care  of  meters 


(5) 


Safety  precautions 


SUPPORT  ilATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 

SW  J3ABR54530  001-1-4,  Electrical  Principles  and  Circuits  (ds) 
WB  J3ABR54530  001-1-4,  Electrical  Principles  and  Circuits 
Commercial  Text,  Modem  Refrigeration  and  Air  Conditioning 


POI  J3ABR54530  001 


20  Sep  1982 


COURSE  CONTENT 


Audiovisual  Aids 
Chart  Set,  Electrical  Meters 
Transparencies,  Set,  Electrical  Principles 
Training  Film:    27874,  Basic  Electricity 

Training  Equipment 

Trainer,  Fundamental  Electrical  Principles 
Trainer,  Multimeter 

Trainer,  Electrical  Circuits  and  Meter  Readings 

Training  Methods 
Lecture/Discussion  (12  hrs) 
Demonstration  (2  hrs) 
Performance  C3  hrs) 
Training  Film  C-5  hr) 
Directed  Study  (6.5  hrs) 

Instructional  Guidance 

Place  adequate  emphasis  on  safety  precautions  involved  in  use  of  electrical  test 
equipment  and  on  careful  handling  of  delicate  and  expensive  test  equipment. 
Evaluate  criterion  objectives  by  using  ATC  Form  98.   Criterion  objective  per- 
formance may  be  practiced  before  the  performance  measurement  activity  begins. 
Instructor  assistance  may  be  given  on  some  criterion  objectives.  Directed 
study  assignments  will  be  accomplished  outside  the  classroom,  and  will  be 
verified  the  following  day  by  a  written  directed  study  examination. 


5.     Written  Test  and  Test  Critique  1.5 
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NAME  OF  INSTRUCTOR 


PLAN  OF  INSTRUCTION/L£SSON  PLAN  PART  I 


COURSE  TITLE 


BLOCK  TITLE 

Electrical 
T 


Refrigeration  and 


COURSE  CONTENT 


6.    Wiring  Systems,  Motors,  Motor  Starters  and  Overloads 

a.  Given  the  information,  state  the  purpose  and  function  of  two 

''''''  "^""^  electrical  systems  vitL  no  more  than  three  errors, 
SIS:    8f  C4)       Meas:  ^  PC 

Cl)    Two  wire  systems 

C2)    Three  wire  systems 

C3)    Four  wire  systems 

b.  Given  the  information,  state  the  general  construction  features  of 
single  and  three  phase  motors  with  no  more  than  two  errors,    STS:  8<yCl) 

|Meas:   -^ff  PC  ='^^^ 

Cl)    Single  phase  motors 
C2)    Three  phase  motors 

c.  Given  the  information,  list  the  steps  in  installing  and  servicing 
I  electric  motors  with  no  more  than  two  errors.     STS:    8g(2),  8gC6\ 
I  Meas  •  "^W^  PC 

(1)    Electric  motor  installation 
C2)    Electric  motor  servicing 

d.  Using  a  motor  trainer  and  a  multimeter,  determine  the  start  and 
run  windings  of  an  electric  motor,  connect  the  motor  and  reverse  its  rota- 

[tion  with  instructor  assistance.    STS:    8gC3).  8e(A).  8g(3)    Meas:-»fr  PC 

(1)  Electric  motor  windings 

(2)  Connection 
(.3)    Reversing  rotation 

e.  Using  an  electrical  trainer,  service  the  motor  starters,  with, 
[instructor  assistance.    STS:    8g(7)       Meas:  -I^PC 

CD    Types  of  motor  starters 


Z  TIME 


a6/4.5] 


(3/.  5) 


C2/.5) 


C4/1.5) 


C2/1) 


1                             SIGNATURE  AND  DATE 

SIGNATURE  AND  DATE 

j    POI  NUMBER  BLOCK 

1  J3ABR54530  001  I 

UNIT            j    DATE                                             j  PACE  NO. 

6         1      20  Sep  1982              1  11 

JUH  70 


133 


PREVIOUS  eOlTtON  OBSOLETE 

17 


COURSE  CONTFOT 


(2)    Servicing  procedures 


1 


f.    Given  information,  state  the  types  and  function  of  electrical 
overload  protectors  witft  no  more  than  two  errors.      STS:  3cC8) 
Meas:  ^ 


C2/.5) 


Cl)    Types  of  overload  protectors 


C2)    Function  of  overload  protectors 


SUPPORT  MATERIALS  AND  GUIDANCE 


Student  Instructional  Materials 

SW  J3ABR54530  001-1-6,  Wiring  Systems,  Motors,  Itotor  Starters  and  Overloads  (os) 
m  J3ABR54530  001-1-6,  Wiring  Systems,  Motors,  Motor  Starters  and  Overloads 
Commercial  Text,  Modem  Refrigeration  and  Air  Conditioning 

Audiovisual  Aids 

Charts,  Set,  Alternating  Current  Generation 
Transparencies,  Set,  Alternating  Current  Wiring  Systems 

Training  Equipment 

Trainer,  Electric  Motor  and  Three-Phase  Wiring  Operation 

Trainer,  Motor  Starter 

Trainer,  Motor  and  Motor  Starter 

Multimeters  ^ 

Training  Methods 
Lecture/Discussion  (.13.25  hrs) 
Denonstration  (.75  hr) 
Performance  (2  hrs) 
Directed  Study  (4.5  hrs) 

Instructional  Guidance 

Insure  that  the  multimeters  are  used  correctly  and  emphasize  the  following  workbook 
procedures.    Evaluate  criterion  objectives  by  using  ATC  Form  98.    Criterion  objectives 
performance  may  be  practiced  before  th^  performance  measurement  activity  begins,  if 
time  permits.    Instructor  assistance  may  be  given  on  some  criterion  objectives. 
Directed  study  assignments  will  be  accomplished  outside  the  classroom  and  will  be 
verified  the  following  day  by  a  written  directed  study  examination. 
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I  Electrical 


COURSE  TITLE    Refrigeration  and 
 Cryogenics  Specialist! 


1. 


COURSE  CONTENT 


7.    Schematic  Interpretation  and  Electrical  Troubleshooting 

a.  Given  a  schematic  diagram  and  an  electrical  trainer,  trace  the 
I  circuit  designated  by  the  Instructor  with  no  more  than  two  errors. 
|STS:    8f(6)  Meas:  ^  PC 

Q)    Schematic  interpretation 

b.  Using  an  electrical  trainer,  and  a  meter,  safely  locate  five  of 
six  instructor  induced  malfunctions.    STS:    ShCl),  8c,  8h.C2)    Meas:  *r  PC 

(1)  Principles  of  troubleshooting 

(2)  Application  of  electrical  principles 
C3)    Safety  precautions 

c.  Working  as  a  member  of  a  team,  using  electrical  test  equipment  and 
on  electrical  trainer,  isolate  three  of  six  instructor  induced  malfunc- 

Itions.     STS:    8h(3)       Meas:  4<  PC 

CD    Isolation  procedures 

d.  Given  the  information,  state  the  basic  steps  for  replacing  defec- 
jtive  electrical  units  and  components  with  no  more  than  two  errors.  ;tS: 

8h(4)    Meas:  ^  PC 


(1)  Replacement  procedures 

e.  Using  an  electrical  trainer  and  given  a  minor  electrical  discrep- 
jancy,  repair  the  circuit  or  unit  with  no  more  than  one  instructor  assist. 
|STS:    8h(5)       Meas:  PC 

(.1)  Precautions 

(2)  Procedures 
[student  Instructional  Materials 

jsw  J3ABR54530  001-1-7,  Schematic  Interpretation  and  Electrical 
I Trouble shoo ting  COb) 

WB  J3ABR54530  001-1-7,  Schematic  Interpretation  and  Electrical 
iTroubleshooting 

rr>TmnoT>n-yai  T^v>K    Modem  Refrigeration  and  Air  Conditioning^ 


2.  TIME 
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SIGNATURE  AHp  pATE 
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Previous  edition  obsolete 


COURSE  CONTENT 


Audiovisual  Aids 

Charts, Set,  Electrical  Troubleshooting 
Transparencies,  Set,  Electrical  Troubleshooting 

Training  Equipment 
Trainer,  AC  Troubleshooting 
Multimeters 

Training  Methods 
Lecture/Discussion  C5  hrs) 
Demonstration  (3  hrs) 
Performance  C4.5  hrs) 
Directed  Study  (3.5  hrs) 

Instructional  Guidance 

Place  adequate  rjnphasis  on  safety  precautions  involved  in  the  use  of  electrical 
test  equipment.    Criterion  objective  performance  may  be  practiced  before  the 
performance  measurement  activity  begins.    Directed  Study  assignments  will  be 
accomplished  outside  the  classroom,  and  will  be  verified  the  following  day  by  a 
written  Directed  Study  examination. 


8.  Written  Test  and  Test  Critique  1 

9.  Physical  Conditioning  -  Days  3,  5,  8,  10  4 
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BUOCX  TITLE 

Fundamentals 


1. 


COURSE  CONTENT 


Z  TIME 


1.    Refrigeration  Lines  and  Tubing  Fabrication 

a.  Given  an  assortment  of  copper  tubing/pipe,  identify  the  tubing/ 
pipe  by  size  and  type  with  80%  accuracy.  SIS:    9a       Meas:   -Ify' PC 

(1)  Types  of  tubing/pipa  and  their  applications 

(2)  Sizing  tubing/pipe 

b.  Given  a  ruler,  tubing  cutter,  tubing  bender,  and  a  roll  of  copper 
tubing,  measure,  cut  and  bend  tubing  to  an  operational  configuration, 
without  personal  injury  or  equipment  damage.    Finished  tubing  must  con- 
form to  instructor's  template  +  1/8".    STS:    3h(6) ,  9b,  9c    Meas:^  PC 

(1)  Tools  for  measuring,  cutting  and  bending 

(2)  Procedures  for  cutting  and  bending  copper  tubing 

(a)  Safety  precautions 

(b)  Cutting  of  copper  tubing 

(c)  Bending  of  copper  tubing 

c.  Given  a  ruler  and  an  assortment  of  refrigeration  fittings, 
identify  one  of  each  type  by  size  and  type,  with  no  more  than  one  error. 
STS:     9f    Meas:   -W;  PC 

(1)  Selection  and  identification  of  refrigeration  fittings 

(2)  Measurement  of  fittings 

d.  With  instructor  assistance  and  using  a  ruler,  tubing  cutter, 
flaring  kit  and  copper  tubing,  measure,  cut,  flare  and  swage  tubing  to  a 
rough  operational  condition.     Swage  will  be  suitable  for  a  solder  connec- 
tion.   STS:  9b,  9d,  9e    Meas:  Jlftf  P  C 

(1)  Tools  used  for  flaring  and  swaging 

(2)  Flaring  procedures 

(3)  Swaging  procedures 


6/1 
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a. 5/. 5 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  :"nstructional  Materials 

SW  J3ABR34530  OOl-II-l,  Refrigeration  Lines  and  Tubing  Fabrication  (ds) 
WB  J3ABR54530  OOl-II-l,  Refrigeration  Lines  and  Tubing  Fabrication 
Commercial  Text,  Modem  Refrigeration  and  Air  Conditioning 

Training  Equipment 
Flaring  Kits 
Swaging  Tools 
Tubing  Cutters 
Tubing  Benders 

Trainer,  Air  Conditioning  and  Refrigeration  Hardware 

Trainer,  Air  Conditioning  and  Refrigeration  Hardware  Samples  for  Measuring 

Training  Methods 
Lecture/Discussion  (3  hrs) 
Performance  (3  hrs) 
Directed  Study  (1  hr) 

Instructional  Guidance 

Place  adequate  emphasis  on  safety  precautions  involved  when  working  with  tube 
fabrication  and  tools.     Use  minimum  lengths  of  tubing  and/or  used  tubing  for 
flaring  and  swaging  to  conserve  material.    Have  students  practice  flaring  both 
3/8"  and  1/4"  tubing  (expertise  needed  for  Day  15)  and  swage  sufficient  tubing 
to  practice  2a,  2b,  2c,  and  2d  before  performance  is  evaluated.  Distribute 
tools  and  demonstrate  lb  immediately  prior  to  students'  performance  to  Insure 
higher  percentage  of  success  and  conservation  of  materials.    Directed  study 
assignments  will  be  accomplished  outside  the  classroom,  and  will  be  verified 
the  following  day  by  a  written  directed  study  examination. 
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Z  TIME 


2.     Soldering  and  Brazing 

a.  With  instructor  assistance  and  using  the  hydrocarbon  torch,  soft 
solder  a  copper  swage  joint  with  at  least  75%  penetration,  with  no  exces 
inside  of  joint,  observing  saf€ity  precautions  for  flammables. 

STS:     3h(4),  lOa(l)      Meas:  ^  PC 

(1)  Hydrocarbon  torch 

(2)  Safety  precautions  for  flammables 

(3)  Soft  solder 

b.  With  instructor  assistance  and  using  the  hydrocarbon  torch,  hard 
soldfe  a  copper  swage  joint  with  at  least  75%  penetration,  with  no  exces 
inside  of  joint.    STS:    3h(4) ,  10a(2)    Meas:  ^  PC 

(1)  Hard  solder 

(2)  Safety  precautions 

c.  With  instructor  assistance  and  using  the  hydrocarbon  torch  and 
aluminum  repai):  kit  provided,  make  a  simple  repair  to  damaged  aluminum 
tubing.    The  repair  material  must  adhere  to  the  aluminum  and  must  be  of 
the  approximate  color  to  indicate  a  leak  proof  repair.  STS:  10a(3) 
Meas:  ^  PC   

(1)  Aluminum  repair 

(2)  Precautions 

d.  With  instructor  assistance  and  using  the  oxyacetylene  torch, 
silver  solder/braze  a  copper  swage  joint  of  each  type,  with  at  least 
75%  penetration  with  no  excess  inside  the  joint.    STS:    10b  Meas:^r 
PC 

(1)  Oxyacetylene  torch 

(2)  Silver  solder 

(3)  Sil-foss  Brazing 
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COURSE  CONTENT 


SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

SW  J3ABR54530  001-II-2,  Soldering  and  Brazing  (DS) 

WB  J3ABR54530  001-II-2,  Soldering  and  Brazing 

Commercial  Text,  Modern  Refrigeration  and  Air  Conditioning 

Audiovisual  Aids 

Charts,  Set,  Oxygen  and  Acetylene 

Training  Equipment 
Trainer,  Welding  Dual-Type 
Soldering  Equipment 

Special  Equipment:    Plastic,  Epoxy  and  Liquid  Aluminum  Repair  Material 

Training  Methods 
Lecture/Discussion  (2  hrs) 
Demonstration  (2  hrs) 
Performance  (4  hrs) 
Directed  Study  (2  hrs) 

Instructional  Guidance 

Place  emphasis  on  safety  precautions  involved  in  the  use  of  torches,  solderin-* 
equipment,  acetylene  cylinders  and  the  handling  of  hot  metal.     To  prevent 
excessive  trips  to  lab  area,  teach  all  the  supportive  objectives  prior  to 
doing  the  projects.    Provide  assistance  during  performance  of  crlterions 
as  Indicated  on  the  ATC  Form  98.    Directed  Study  assignments  will  be  accomplished 
outside  of  the  classroom,  and  will  be  verified  the  following  day  by  a  written 
directed  study  examination. 
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CX)URSE  TITLE 


Refrigeration  and 


BLOCK  TITLE 

Fundamentals 


COURSE  CONTENT 


2.  TIME 


[3.    Principles  of  Physics 

a.    Given  a  conmercial  text,  complete  the  assigned  factual  statements 
involving  the  principles  of  physics  with  80%  accuracy.     STS:     11a  lib 
I  11c,  lid,  lie,  llf,  ll£,  iih.  111,  iij^     Meas:  ^  Pc   '   ' 

(1)  Basic  structure  of  matter 

(2)  Thermod3mamics 

(3)  British  Theraml  Unit  CBTU) 

(4)  Heat  flow  and  transfer 

(5)  Specific,  sensible  and  latent  heat 

(6)  Changes  of  stat;e  of  matter 

(7)  Pressure  -  vacuum 

(8)  Laws  of  gases 

(9)  Metric  conversion 

b.    Given  a  PT  chart,  explain  the  pressure-temperature  relationship 
for  different  refrigerants  at  various  temperature/pressures  with  80% 
I  accuracy.    STS:    12a,  12c,  12d      Meas:  ^  PC 

(1)  Definition  and  characteristics  of  refrigerants 

(2)  Characteristics  of  Halo-Carbon  refrigerants 

(3)  Pressure-Temperature  relationship  chart 
SUPPORT  MATERIALS  AITD  GUIDANCE 

Student  Instructional  Materials 

SW  J3ABR54530  001-II-3,  Principles  of  Physics ^DS) 
WB  J3ABR54530  OCl-II-3,  Principles  of  Physics 
Commercial  Text,  Modern  Refrigeration  and  Air  Conditioning 
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COURSE  CONTENT 


Audiovisual  Aids 

Charts,  Set,  Refrigeration  System 

Training  Film:    27633,  Refrigeration  ^  Principles  of  Mechanical 

Refrigeration  Systems 
Slide  Set:    ATS  54^18,  Modified  Principles  of  Refrigeration 

Training  Equipment 

Trainer,  Refrigeration  Service  Valve 
Trainer,  Manifold  Gauge  Assembly 
Trainer,  Pressure  Gauge 

Training  Methods 
Lecture/Discussion  (2.5  hrs) 
Demonstration  (1  hr) 
Performance  (2  hrs) 
Training  Film  (.5  hr) 
Directed  Study  (2  hrs) 

Instructional  Guidance 

Evaluate  criterions  by  using  the  ATC  Form  98.  Directed  Study  assignments  will 
be  accomplished  outside  the  classroom,  and  will  be  verified  the  following  day 
by  a  written  directed  study  examination. 
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Fundamentals 
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4.    Refrigeration  Components  and  Accessories 

a.  Given  a  list  cf  five  principles,  select  the  ones  which  define 
the  operating  principles  of  the  compression  refrigeration  cycle.  One 
error  permitted.    STS:    14a       Meas:  J^?C 

(1)    Operating  principles 

b.  Given  the  names  of  three  refrigeration  components,  explain  the 
basic  types,  puXpose,  and  principle  of  operation  for  each  component  with 
a  total  of  no  more  than  three  errors.    STS:    13b(l),  13c,  13d(l)  Meas:^ 
PC  •  * 

(1)  Condensers 

(2)  Evaporators 

(3)  Receivers 

c.  Given  the  names  of  three  types  of  compressors,  explain  the  basic 
operating  principle  of  each  with  no  more  than  two  errors.    STS-  13a('l)('a) 
13a(l)(b).  13a(l)  :c),  13a(l)  (d)      Meas;  ^PC 


8.5/3 
(.5/0) 


(1.5/. 5) 


(1)  Reciprocating 

(2)  Rotary 

(3)  Centrifugal 

d.  Given  six  basic  facts  stating  the  purpose,  use,  and  operating 
principle  of  heat  exchangers  and  oil  separators,  match  the  facts  with  the 
unit.    No  more  than  two  errors  permitted.    STS:    13e(l) ,  13e(2)  Meas: 

PC  '  * 

(1)  Heat  exchangers 

(2)  Oil  separators 

e.  List  the  steps  required  for  servicing  an  evaporator,  condenser, 
and  oil  separator  with  no  more  than  two  errors.    STS:    13b(2).  I'^dP) 
13e(3)      Meas:  ^PC   


(2/. 5) 


(1/.5) 


(1/.5) 


(1)  Evaporator 
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COURSE  CONTENT 


(2)  Oil  separator 

(3)  Condenser 

f.  Given  a  list  of  refrigerant  equipment  accessories  and  a  (1.5/. 5) 
list  of  basic  facts  related  to  them,  match  the  facts  to  the 

accessories  with  80%  accuracy.    STS:     13e(5)         Meas:  PC 

(1)  MGA 

(2)  Charging  cylinder 

(3)  Cylinders,  storage 

(4)  Dollies 

g.  State  th^  types,  purpose,  and  use  of  desiccants  with  no  more  C1/.5) 
than  two  errors.     STS:      13e(4)      Meas:  PC 

(1)  Types  of  desiccants 

(2)  Purpose  of  desiccants 

(3)  Use  of  desiccants 

SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

SW  J3ABR54530  001-II-7,  Refrigeration  Components  and  Accessories  (OS) 
WB  J3ABR54530  001-II-7,  Refrigeration  Components  and  Accessories 
Commercial  Text,  Modern  Refrigeration  and  Air  Conditioning 

Audiovisual  Aids 

Charts,  Set,  Refrigeration  System  Components  and  Accessories 
Transparencies,  Set,  Mechanical  Refrigeration  Components 

Training  Equipment 

Trainer,  Refrigeration  Oil  Separator 
Trainer,  Refrigeration  Service  Valve 
Trainer,  Manifold  Gauge  Assembly 

Training  Methods 
Lecture/Discussion  (5.5  hrs) 
Performance  (3  hrs) 
Directed  Study  (3  hrs) 

Instructional  Guidance 

Discuss  each  refrigeration  component  and  accessory,  emphasizing  the  type 
maintenance  required.    Directed  Study  assignments  will  be  accomplished  outside 
the  classroom,  and  will  be  verified  the  following  day  by  a  written  directed 
study  examination. 
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Fundamentals 
I. 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  \  

j  COURSE  ■nv.s  Refrigeration  and 


6.    Basic  Refrigeration 


COURSE  CONTENT 


a.    Using  a  refrigeration  trainer,  copper  tubing/pipe,  and  common 
hand  tools  and  special  tools  provided,  fabricate  four  refrigerant  lines 
and  Install  them.  Three  of  the  four  must  not  have  kinks  or  leaks.  Clean 
the  hand  tools  and  replace  them  in  the  tool  box.    Only  one  error  in 
selection,  use  and  maintenance  of  tools  allowed.    STS:    7a    9a    9b  Qr 
9d,  9f       Meas:         Pc  — '  — '  — '  — * 

(1)  Selection  and  use  of  hand  tools 

(2)  Maintenance  of  hand  tools 

(3)  Identifying  size  and  type  of  copper  tubing/pips 

(4)  Measuring  and  cutting  of  copper  tubing/pipe 

(5)  Bending  of  copper  tubing 

(6)  Flaring  of  copper  tubing 
Identifying  types  and  sizes  of  refrigeration  fittings 


(7) 


b.  Given  three  randomly  selected  items  of  refrigeration  equipment. 
Meas-'^^^Vr  ^""^  installation  with  no  more  than  two  errors.    STS:  14b 


(1) 

Sight  glass 

C2) 

Filter  dryer 

(3) 

Receiver 

(4) 

Condenser 

(5) 

Compressor 

c.    Using  a  refrigeration  trainer,  and  equipment  provided,  locate 
I  and  repair  the  refrigerant  leaks  with  no  more  than  one  assist  from  the 
instructor.    STS:    14c.  14d,  14e,  l4h.  14i.  14n.  140  Meas:^PC 

Preoperational  check  of  refrigeration  equipment 
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COURSE  CONTENT 


(2)  Operation  of  refrigeration  equipment 

(3)  Positioning  of  the  king  and  service  valves 

(4)  Manifold  gau;^e  assembly  and  its  use 

(5)  Leak  detectr^rs  and  their  use 

(6)  Repairing  leaks 

d.    Using  a  refrigeration  trainer  axid  tools  provided,  purge*  (3/1) 
evacuate,  charge  and  pump  down  the  system  with  no  more  than  two 
assists  from  the  instructor.    STS:    14d,  14e,  14h,  14i,  14^,  14k, 
141 ,  14m       Meas:  -«ff  P  C 

(1)  Purpose  of  purging 

(2)  Method  of  purging 

(3)  Purpose  of  evacuating 

(4)  Service  valve  and  MGA  valve  positi  ons  f 0 r  evacuat ing 

(5)  Installation,  operation  and  removal  of  a  vacuum  pump 

(6)  Purpose  of  charging 

(7)  Service  valve  and  MGA  positions  for  charging 

(8)  Charging  methods  for  a  simple  refrigeration  system 

(9)  Interpreting  gauge  readings  and  performing  an  operational 
check  of  a  simple  refrigeration  system 

(10)    Pumping  down  procedures  for  a  simple  refrigeration  system 

SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 

SW  J3ABR54530  001-II-6,  Basic  Refrigeration  (os) 

WB  J3ABR54530  OQl-II-6,  Basic  Refrigeration 

Commercial  Text,  Modem  Refrigeration  and  Air  Conditioning 

Audiovisual  Aids 

Charts,  Set,  Refrigeration  System 

Training  Film,  27634,  Refrigeration  -  Evacuating  and  Charging 
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COURSE  CONTENT 


Training  Equipment 

Trainer,  Simple  Refrigeration  System 
Bench  Item,  Vacuum  Pump 

Special  Equipment:    Manifold  Gauge  Assembly,  Refrigerant  Cylinder,  Halide 
Leak  Detector,  Soap  Bubble  Solution,  Electronic  Leak  Detector 

Training  Methods 
Lecture/Dlscusslo.^.  (4.5  hrs) 
Demonstration  (1  hr) 
Performance  (6  hrs) 
Training  Film  (.5  hr) 
Directed  Study  (3  hrs) 

Instructional  Guidance 

Discuss  projects  to  be  performed  by  students  then  review  procedures 
immediately  prior  to  performance.    Allow  practice  time  as  needed  and  as 
time  is  available  prior  to  evaluation.    Directed  Study  assignments  will  be 
accomplished  outside  the  classroom,  and  will  be  verified  the  following  day 
by  a  written  directed  study  examination. 
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NAMEOF  INiXRUdTOR* 


PLAN  OF  INSTRUCTION/LESSON  PLAM  PART  I 


COURSE  TITLE   Refrigeration  and 
 CrvQgenigs  Specialist 


BUOCK  TITLE 

Fundamentals 


1. 


COURSE  CONTENT 


2.  TIME 


7.    Compressor  Checks  and  Trouble  Analysis 

a.    Given  the  information,  list  the  steps  required  to  replace  four 
randomly  selected  parts  of  a  compressor  with  no  more  than  two  errors. 
SIS:     13a(2)  Meas: 


16.5/5 
(4/1) 


(1) 

Valves 

(2) 

Piston 

(3) 

Connecting  rod 

(4) 

Crankshaft 

(5) 

Head 

(6) 

Service  valves 

(7) 

Wrist  pin 

(8) 

Shaft  seals 

b.  Given  a  small  compressor  and  common  hand  tools,  remove  the 
compressor  head  and  inspect  and  replace  the  valves  with  assistance  from 
the  instructor.    SIS:    14g       Meas:  J^VC 

(1)  Procedures  for  valve  replacement 

(2)  Valve  types  and  uses 

c.  Given  the  oil  and  equipment  required,  service  the  compressor  on 
a  refrigeration  trainer  with  instructor  assistance.    SIS:  13a(4) 
Meas:  Jf^ 2  c 

(1)  Removal  of  refrigerant  from  oil 

(2)  Positioning  service  valves 

(3)  Pump  down 

(4)  Oil  plug  removal 


(2/1) 


(2/. 5) 


SUPERVISOR  APPRfl 
StGNATURC  AND  DATE 

VAL  OF  LESSON  PLAN 

SIGNATURE  AMD  DATP 

POI  NUMBER                                                    j  BLOCK 

J3ABR54530  001                          j  II 

UNIT            1  OATE 

7        1       20  Sep  1982 

P^AOENa 

JUN  70 


COURSE  CONTENT 

(5)  Oil  level  checking  i 

(6)  Addition  of  oil  as  needed 

d.  Using  a  refrigeration  trainer,  perform  a  preoperational  check,  (2. 5/. 5) 
position  the  king  and  service  valves,  and  operate  the  system,  using  the 

MGA  to  confirm  normal  operation  with  instructor  assistance, 
STS:     14c,  I4d,  14e,  14h,  14i       Meas:  ^  P  C 

(1)  Preoperational  check 

(2)  Positioning  king  and  service  valves 

(3)  System  operation 

(4)  Manifold  gauge  assembly 

(5)  Checking  abnormal  pressures 

e.  Using  a  refrigeration  trainer,  inspect  the  operation  of  the  (1.5/0) 
refrigeration  accessories  and  compressor  for  proper  operation  and 

rotation  with  instructor  assistance.     STS:     13a(3) ,  13e(6)   ,  22e 
Meas:         P  c   


(1)  Inspection  of  refrigeration  accessories 

(2)  Compressor  checks 

f.    Using  a  refrigeration  trainer,  troubleshoot  the  system  (4.5/2) 
and  perform  equipment  maintenance,  with  instructor 
assistance.     STS:     14f,  22c(l),  22c(2),  22c(3),  22c(4") ,  22c(5) 
Meas:  y¥hfl'  c 

(1)  Equipment  maintenance 

(2)  Troubleshooting  system 

SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

SW  J3ABR54530  001-II-7,  Compressor  Checks  and  Trouble  Analysis  (os) 
WB  J3ABR54520  001-II-7,  Compressor  Checks  and  Trouble  Analysis 
Pressure  Temperature  Chart,  Commercial  Diagram 
Coinsiercial  Text,  Modem  Refrigeration  and  Air  Conditioning 

Audiovisual  Aids 

Charts,  Set,  Refrigeration  System,  Pressure  Temperature 
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3d 


COURSE  CONTENT 


Trainiag  Equipment 

Trainer,  Simple  Refrigeration  System 

Special  Equipment:    Manifold  Gauge  Assembly,  Halide  Leak  Detector 

Training  Methods 
Lecture/Discussion  (5  hrs) 
Demonstration  (2  hrs) 
Performance  (9.5  hrs) 
Directed  Study  (5  hrs) 

Instructional  Guidance 

Caution  students  not  to  tighten  oil  plug  too  tight.    Use  ATC  Form  98  to 
appraise  accomplishment  of  criterion  objectives.    Directed  Study  assignrents 
llt\t^  accomplished  outside  the  classroom,  and  will  be  verified  the  iollowing 
day  by  a  written  directed  study  examination.  ^ 

3.    Written  Test  and  Test  Critique  ^ 
9.    Physical  Conditioning  -  Days  13,  15,  18,  and  20 
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NAMEOFINiTRuixOR 


PLAH  OF  INSTRUCTION/LESSON  PLAN  PART  i 


BLOCK  TITUE 

Metering  Devices,  Motor  Controls,  Domestic  and  Coumer 


COURSE  TITLE  Refrigeration  and 

 Cryogenics  Sppr^^l•7c:^ 


cial  Refrigeratinn 


COURSE  CONTENT 


1*    Metering  Devices 


a.    Given  the  information,  state  the  operating  principle  of  capillary 
tubes,  automatic  and  thermostatic  expansion  valves,  and  special,  metering 
devices  with  no  more  than  three  errors.    STS:    15b(l)(a).  ISbCDCL) 
15b(l)(c)    Meas:  J^,  PC    '  


(1)  Categories  of  metering  devices 

(2)  Operating  principle  of  capillary  tubes  Cchoke  tubes) 

(3)  Special  metering  devices 

(4)  Automatic  expansion  valves  (constant  pressure  valves) 

(5)  Thermostatic  expansion  valves 

b.    Working  as  a  member  of  a  team  and  using  a  refrigeration  trainer, 
remove  the  expansion  valve,  replace  and  adjust  it  to  maintain  the  speci- 
fied superheat  with  instructor  assistance.    STS:    15b (5) (a),  15hC5} (c) 
15b(5)(d)      Meas:  Jiff  P  C 


Z  TIME 


9/3 
C6/1) 


(1)  Removal  procedures 

(2)  Inspection 

(3)  Re- ins  tall-it  ion 

(4)  Operation 

(5)  Superheat  adjustment 
SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 

S'^^  J3ABR54530  OOl-III-l,  Metering  Devices(DS) 

WB  J3ABR54530  OOl-III-l,  Metering  Devices 

Commercial  Text,  Modern  Refrigeration  and  Air  Conditioning 

Audiovisual  Aids 

Chart,  Set,  Metering  Devices 

Transparencies,  Set,  Metering  Devices 


SIGNATURE  AND  DATE 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 


C3/2) 


SIGNATURE  AND  DATE 


POl  NUMBER 
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EKLC 


ATC  ^"^^ 
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III 
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1 
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OATn 
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PREVIOUS  EDITION  OOSOUCTE 
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PAOENO.  I 


COURSE  CONTENT 


Training  Film:      27687,     Automatic  Expansion  Valve 
Training  Film:      27688,     Refrigeration  Expansion  Valve  Thermostatic 
Valve  Operation 

Train.^lng  Equipment 

Trainer,  Motor  Control  and  Refrigeration  Accessories 
Trainer,  Thermostatic  Expansion  Valve  Tester 

Training  Methods 
Lecture/Discussion  (4  hrs) 
Demonstration  (1  hr) 
Performance  (4  hrs) 
Directed  Study  (3  hrs) 

Instructional  Guidance 

It  will  necessary  in  most  cases  for  at  least  two  individuals  to  work 
simultaneously  on  the  motor  control  and  refrigeration  accessories  trainer. 
Observe  the  work  of  each  student  to  ensure  that  each  one  accomplishes  the 
significant  parts  of  the  criterion.    Before  verification,  the  work  nust  be 
accomplished  and  the  workbook  completed  to  your  satisfaction.  InteiTsperse 
the  performance  as  you  deem  appropriate  for  the  class  being  taught. 
Directed  Study  assignmencs  will  be  accomplished  outside  the  classroom, 
and  will  be  verified  the  following  day  by  a  written  directed  study 
e::aminatr,on. 
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■  OF  INSTRUCTOR 


PLAN  OF  INSTRUCTIOH/LESSON  PL  AH  PART  I 


COURSE  TITLE   Refrigeration  and 
^  Cryogenics  Specialist 


BUOCK  TITUE 

Metering  Devices,  Motor  Controls,  Domestic  and  Commercial  Refri<>eration 

COURSE  CONTENT  ^  


1 


2.  TIME 


9/2 
(4/0) 


2.    Motor  Controls 

a.  Given  a  list  of  motor  controls  and  safety  controls,  explain  the 
purpose  and  principle  of  operation  of  each  component.    80%  of  the  list 
must  be  completed  correctly.    STSi    15a(l)      Meas:  ^  PC 

(1)  Thermal 

(2)  Pressure 

(3)  Operating  principle 

b.  Working  as  a  member  of  a  team-  and  using  a  refrigeration  trainer,  (5/2) 
remove  the  motor  and  safety  controls  from  the  circuit,  reinstall,  adjust' 
and  calibrate  to  the  setting  specified  by  the  instructor.  Instructor 
assistance  permitted.     STS:    15a (3),  15a (4).  15a(5),  17c (.4)    Meast^  P  C 

(1)  Thermostat  setting  terms 

(2)  Control  settings 

(3)  Control  installation 

(4)  Calibration  of  controls 

(5)  Servicing  motor  controls 
SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
SW  J3ABR54530  001-III-3,  Motor  Controls (dS^ 
WB  J3ABR54530  00I->III-3,  Motor  Controls 

Commercial  Text,  Modem  Refrigeration  and  Air  Conditioning 

Audiovisual  Aids 
Chart,  Set,  Motor  Controls 
Transparencies,  Sat,  Motor  Controls 

Training  Equipment 

Trainer,  Motor  Control  and  Refrigeration  Accessories 
Multimeter 


SIGNATURE  AND  DATE 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 
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PREVIOUS  EDITION  OBSOLETE 


J 


37 


COURSE  CONTENT 


Training  Methods 
Lecture/Discussion  (4  hrs) 
Pemonstration  (1  hr) 
Performance  (4  hrs) 
Directed  Study  (2  hrs) 

Instructional  Guidance 

It  will  be  necessary  in  most  cases  for  at  least  two  individuals  to  work  simul- 
taneously on  the  motor  control  and  refrigeration  accessories  trainer.  Observe 
the  work  of  each  student  to  ensure  that  each  one  accomplishes  the  significant 
parts  of  the  criterion.    Before  verification,  the  work  must  be  accomplished  and 
the  workbook  completed  to  your  satisfaction.    Intersperse  the  performance  as 
you  deem  appropriate  for  the  class  being  taught.    Directed  Study  assignments 
will  be  accomplished  outside  the  classroom,  and  will  be  verified  the  following 
day  by  a  written  directed  study  examination. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PARTI 


BLOCK  TITLE 


COURSE  TITLE  Refrigeration  and 
 Cryogenics  Specialist 


Metering  Devices^  Motor  Controls,  Domestic  and  Commercial  Refrigeration 


COURSE  CONTENT 


Z  TIME 


3 .    Troubleshoo t  ing 

a.  Working  as  a  member  of  a  team,  and  using  a  '^<5frigeration  trainer, 
isolate  two  instructor  induced  motor  control/safety  device  malfunctions 
with  instructor  assistance.    STS:     15aC2)      Meas:         P  C 

(1)  Troubles 

(2)  Corrective  action 

b.  Working  as  a  member  of  a  team,  and  using  a  refrigeration  trainer, 
troubleshoot  the  system  to  locate  and  correct  one  instructor  induced 
malfunction  relating  to:    dirty  strainers,  restricted  refrigerant  lines, 
condenser  or  evaporator  fans,  abnormal  low  and  high  side  pressures,  and 
refrigerant  controls.     Instructor  assistance  permitted.     STS-  15b(2) 
15b(5Kbl,  15b(5)(c).  22c(l),  22c(2),  22c(3),  22c(4)      Meas:<#t  P  C  ' 

(1)  Electrical  measurement 

(2)  Normal  pressures 

(3)  High  head  pressure 

(4)  Low  head  pressure 

(5)  Low,  low  pressure 

(6)  Bad  compressor  valves 

c.    Working  as  a  member  of  a  team,  and  using  a  refrigeration  trainer, 
isolate  one  instructor  induced  malfunction  concerning  a  dirty  filter, 
with  instructor  assistance.    STS:     22c(5)    Meas:         P  c 

(1)    Indications  of  a  dirty  filter 

SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
SW  J3ABR54530  001-III-3,  TroubTeshooting(DS) 
WB  J3ABR54530  001-III-3,  Troubleshooting 

Commercial  Text,  Modem  Refrigeration  and  Air  Conditioning 


10.5/3 
(4/1) 


(4.5/2) 


SIGNATURE  AND  DATE 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 


(2/0) 


StCNATUWE  AND  DATE 
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COURSE  CONTENT 


Training  Equipment 

Trainer,  Motor  Control  and  Refrigeration  Accessories 
Multimeter 

Training  Methods 
Lecture/Discussion  (1.5  hrs) 
Perfoxrmance  (9  hrs) 
Directed  Study  (3  hrs) 

Instructional  Guidance 

It  will  be  necessary  in  most  cases  for  at  least  two  individuals  to  work 
simultaneously  on  the  motor  control  and  refrigeration  accessories  trainer. 
Observe  the  work  of  each  student  to  ensure  that  each  one  accomplishes  the 
significant  parts  of  the  criterion.    Before  verification,  the  work  must  be 
accomplished  and  the  workbook  completed  to  your  satisfaction*  Intersperse 
the  performance  as  you  deem  appropriate  for  the  class  being  taughc. 
Directed  Study  assignments  will  be  accoraplished  outside  the  classroom,  and 
will  be  verified  the  following  day  by  a  v/ritten  directed  study  examination. 


4.    Written  Test  and  Test  Critique  1.5/0 
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NAMEOF  rN^f  RUCTOR 


PLAN  OF  INSTRUCTtON/LESSON  PLAN  PART  i 

j  COURSE  TITLE   Refrigeration  and 


Cryogenics  Specialist 


BLOCK  TITLE  '  

Metering  Devices,  Motor  Controls,  Domestic  and  Commercial  Refrigerat ion 

COURSE  CONTENT  ^  


Z  TIME 


~* Domestic  and  Commercial  Refrigeration 

a.  Given  twenty  incomplete  statements  relevant  to  the  ope-itine  prin- 
ciples and  construction  features  of  domestic  freezers,  refrigerators  ice 
cream  cabinets,  reach-in  boxes,  water  coolers,  and  ice  machines,  complete 
sixteen  of  the  statements  correctly.  STS:  iTafl)  17a r2^  M^f-^^ 
17a(4),  17a(5).,  17a(6)         Meas:  ^  PC  ^^^^^I^^-U^^ 

(1)  Operating  principles  of  capillary  tube  system 

(2)  Construction  features  of  domestic/small  commercial  systems 

(3)  Domestic  refrigerator  and  freezer  operating  systems 

(4)  Ice  cream  cabinets 

(5)  Water  coolers 

b.  Don  the  protective  equipment  required  for  handling  refrigerants 
with  instructor  assistance.         STS:    3h(5)    Meas:  -WfP  C 

(1)  Refrigerants 

c.  Transfer  refrigerant  from  storage  container  into  a  charging 
I  cylinder  with  instructor  assistance.    STS:    12b    Meas:         1^  C 

(1)  Precautions 

(2)  Procedure 

d.  Working  in  pairs,  evacuate  and  charge  tne  assigned  capillary  tube 
system,  using  the  method  designated  by  the  instructor,  with  instructor 
assistance.    STS:    17c(2).  Urf'^'i      Me.^s:  yW^  ?  C 

(1)  Weighted  method  (charging  station) 

(2)  Metered  method  (charge  faster  or  muster) 

(3)  Direct  method  (frost  back) 

(4)  Super  heat  method 


15/3 
C6/1) 


SIGNATURE  AND  DATE 


SliPERVtSOR  APPROVAL  OF  LESSOW  f^LAU 


SiCKATURg  AMD  DATE 


(1/0) 
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COURSE  CONTENT 


(6)  Best  methods  for  individual  applications 

(7)  Evacuation  methods 

(a)  Deep  vacuum 

(b)  Standing  vacuum 

(c)  Triple  evacuation 

(d)  Contaminated  systems 

e.  Given  the  information,  state  one  of  the  two  methods  used  (1/0) 
to  identify  contaminated  vacuum  pump  oil  and  state  when  the  oil 

should  be  replaced.    STS:    17e  Meas: 

(1)    Vacuum  pump  maintenance 

f.  Given  the  information,  state  the  steps  for  cleaning  (.5/0) 
a  capillary  tube  with  70%  accuracy.    STS:    15b(4)  Meas: 

(1)  Identifying  a  restricted  or  plugged  capillary  tube 

(2)  Cleaning  of  a  capillary  tube 

(3)  Capillary  tube  cleaner 

g.  Given  a  segment  of  a  capillary  tube  and  the  necessary 
equipment,  install  the  tube  in  a  larger  diameter  tube.  The 
installation  shall  be  leak  free,  and  the  capillary  tube  shall 
extend  into  the  larger  tube  1  to  1.5  inches  and  be  clean  of 
obstructions,  with  instructor  assistance.    STS:    15b (3)  Meas:>f^ 

(1)  Breaking  of  the  capillary  tube 

(2)  Installation  of  the  tips 

(3)  Leak  checks 

SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

SW  J3ABR54530  001-  III-5,  Domestic  and  Commercial  Ref  rigeration  ^os> 
WB  J3ABR54530  001-III-5,  Domestic  and  Commercial  Refrigeration 
Commercial  Text,  Modern  Refrigeration  and  Air  Conditioning 

Audiovisual  Aids 

Chart,  Set,  Domestic  and  Commercial  Refrigeration 


(1.5/0) 

P  C 
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COURSE  CONTENT 


Training  Equipment 
Domestic  Refrigerators 
Domestic  Refrigeration  Demonstrator 
Commercial  Refrigeration  Units 
Multimeters,  Amprobe/Voltmeter 
Leak  Detector,  Electronic 
Charging  Station 
Vacuum  Pump 

Turbo  Torch  Soldering  Equipment 

Training  Methods 
Lacture/Discussion  (5  hrs) 
Demonstration  (1  hr) 
Performance  (9  hrs) 
Directed  Study  (3  hrs) 

Instructional  Guidance 


safety  when  working  on  electrical  mechanical  equipment.  Use 
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NAMEOriNiVRUiTOR 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PART? 


COURSE  TITLE  Refrigeration  and 

 Cryogenics  Specialist 


BLOCK  TITLE  ^  

Metering  Devices,  Motor  Controls,  Domestic  and  Commercial  Refrigeration 

COURSE  CONTENT  —   


6.    Hermetic  and  Semi-Hermetic  Compressor  Systems 

a.  Using  special  test  equipment,  check  a  hermetic /semi-hermetic 
compressor  for  electrical  malfunctions,  with  instructor  assistance • 
STS:    7c^  13a(5)       Meas:  Jff^  ?  C 

(1)  Terminal  identification 

(2)  Motor  analyzer/ start  kit 

(3)  Jumper  cord 

b.  Using  electrical  test  equipment,  check  the  unit  designated  by  the 
instructor  for  electrical  shorts,  current  flow  and  proper  operation  of 
start  relay  with  instructor  assistance.    STS:    22b(l) .  22b(2)  22bf3) 
Meas:   -Iff  P  C     ^   ~ 

(1)  Starting  relays 

(2)  Checking  for  shorts 

(3)  Checking  current  flow 

c.  Given  a  list  of  the  types  of  ice  makers/machines,  state  the  oper- 
ating principle  and  construction  features  of  each.  List  will  be  complete 
with  80%  accuracy.    STS:     17a(7)        Meas:-^,  pc 

(1)  Ice  makers,  definition 

(2)  Major  types  of  ice  makers  and  construction  features 

(3)  Principle  of  operation 

(4)  Ice  machines,  definition 

(5)  Types  of  ice  machines  and  their  construction  features 

(6)  Principle  of  operation 

SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 


Z  TIME 


13.5/5 
(3/2) 


(7/1) 


(3.5/2) 
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COURSE  CONTENT 


\^  J3ABR54530  001-III-6.  Hermetic  and  Semi-Hermetic  Compressor  Systems  

Commercial  Text,  Modem  Refrigeration  and  Air  Conditioning 

Audiovisual  Aids 

Charts,  Set,  Starting  Relays 

Transparencies:    Set,  Starting  Relays 

Training  Film:    27843,  Compressors,  Hermetic  and  Semi-hermetic  -  Electrical 
Training  Film:     27842,  Compressors,  Hermetic  and  Semi-hermetic  -  Starting 
Relay  Circuits  * 

Training  Equipment 

Trainer,  Current  Relay 

Trainer,  Potential  Relay 

Trainer,  Refrigeration  Compressor 

Trainer,  Hermetic  Refrigeration  Comoressor 

Domestic  Refrigerators  and  Commercial  Refrigeration  Units 

Multimeter 

Clamp-on  AC  Ampere  Meter 

Special  Equipment:    Test  Cord,  Hermetic  Compressor,  Motor  Start  Analvzer, 
Solid  State  Relay,  Current  Relay,  Potential  Relay 

Training  Methods 
Lecture/Discussion  (5  hrs) 
Demonstration  (1  hr) 
Performance  (7.5  hrs) 
Directed  Study  (5  hrs) 

Instructional  Guidance 

Insure  students  remove  their  jew-,lry.    Use  ATC  Form  98  to  appraise  accomplishment 
of  criterion  objectives.    Directed  Study  assignments  will  be  accomplished  out- 
side the  classroom,  and  will  be  verified  the  following  day  by  a  written  directed 
study  examination. 

7.    Written  Test  and  Test  Critique  1.5/0 
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BLOCK  TITLE 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  J   

J  couRSETiTLE  Refrigeration  and 


Cryogenics  SperialTf^f 


^fete^^nR  Devices,  Motor  Controls,  Domestic  ^nd  roTnmprr-r.i  Pof^ip.^^^^^^ 
I  COURSE  CONTENT  'griini  lur. 


8.    Large  Commerdial  Refrigeration  Systems 


a.  Given  the  information,  state  the  construction  features;  and  oper- 
lating  principle  of  walk-in  boxes  and  cold  storage  plants,  with.  80% 
[accuracy.    STS:    17aC8),  17a C9)       Meaa:  ^PC 

Cl)    Construction  features 

C21    Operating  principle 

b.  State  the  steps  required  to  maintain  the  defrost  system  used  in 
commercial  units  with  80%  accuracy.    STS:    17d     Meas:  ?C 

Cl)  Off-cycle  system 

C2)  Electric  system 

C3)  Hot  gas  system 

C4)  Water  (tap  or  heated) 

C5)  Defrost  timers 

c.  Given  the. information,  state  the  construction  features  and  operat- 
ing principle  of  large  reacb-in  boxes,  display  cases,  and  ice  cream  cabi- 

|nets  with  80%  accuracy.    STS:    17a(4),  17a(5),  17aC6)       Meas:  ^  PC 

(1)    Reach-in  boxes 
C2)    Display  cases 
C3)    Ice  cream  cabinets 

d.  Given  the  information,  state  the  construction  features  and  operat- 
ing principle  of  multiple  evaporator  and  multiple  compressor  systems  with 
804  accuracy.     STS:    16a       Meas:  ,  ^  PC 

(1)  Multiple  evaporator  system 

(2)  Multiple  compressor  sys .  a 


Z  TIME 


28,5/8 
(3/1) 


C3/0) 


C2/1) 


(2/1) 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 
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e.  Given  the  information,  list  the  procedures  for  installing  a  (2/0) 
conmercial  refrigeration  unit  with  80%  accuracy*     STS:  17b 

Meas:    W,  PC 

CD    Physical  installation 
C2)    Preoperational  check 
C3)    Operational  check 

f.  Given  the  infoniation,  list  the  procedures  for  installing  (2/. 5) 
multiple  compressor  and  multiple  evaporator  systems  with  60%  accuracy. 

STS:    16b         Meas:  ^  PC 

Cl)  Multi-compressor 
(2)  Multi-evaporator 

g.  Given  the  informationj  state  the  purpose  and  principle  of  (2/. 5) 
operation  of  evaporator  pressure  regulator  valves  with  80%  accuracy. 

STS:     16d       Meas:   -«f  PC 

(1)  Purpose  of  EPRs 

(2)  Types  and  principle  of  operation 

h.  Given  the  operating  instructions  and  working  as  a  member  of  a  (10.5/4) 
team,  operate  multi-evaporator  and  multi-compxessor  systems  with  instruc- 
tor assistance.    Adjust  the  evaporator  pressure  regulator  valves  on  a 
multi-evaporator  system  to  maintain  temperatures  of  45^F,  40^F,  and  the 

coldest  box  35^F  to  45  F  using  the  low  pressure  motor  control.  All  temper- 
atures are  +  2  F,  with  instructor  assistance.    STS:    16c,  16e     Meas:>>ff  PC 

(1)  Operating  multi-evaporator  syst6ms/single/multi-temp 

(2)  Adjusting  the  EPR/multi-temp 

(3)  Problems  associated  with  the  EPR 
C4)  Operating  multi-comprassor  sys::ems 

i.  Given  the  information,  list  the  steps  in  isolating  a  trouble  in  a  (.5/0) 
multiple  refrigeration  system  with  no  more  than  two  errors.    STS:  16f 

Meas:  PC 

Cl)    Troubleshooting  multiple  refrigeration  systems 


I 
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j.    Given  the  information,  state  the  steps  for  cleaning  and  (.5/0) 
replacing  refrigeration  accessories  with  no  more  than  two  errors. 
STS;     13e(7),  13e(8)  Meas: 

(1)  Cleaning 

(2)  Replacing 

k.    Given  the  information,  list  the  steps  required  for  adjusting  (.5/0) 
the  door  seal  and  replacement  of  defective  parts  on  commercial 
refrigeration  units,  no  more  than  two  errors  permitted • 
STS:    IZcOl,  17c(5)  Meas:   >lfr  PC 

(1)  Door  seals 

(2)  Replacement  of  parts 

1.    Given  the  information,  state  the  steps  involved  in  using  plans  (.5/0) 
or  drawings  to  determine  the  location  of  refrigeration  units  and  compo- 
nents with  no  more  than  two  errors.    STS:    22a       Meas:  -4K  PC 

(1)  Selection  of  drawing  or  plan 

(2)  Identification  of  symbols 

(3)  Orientating  drawing 

SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

SW  J3ABR54530  001-III-8,  Lar^e  Commercial  Refrigeration  Systems(05) 
WB  J3ABR54530  001-III-8,  Large  Commercial  Refrigeration  Systems 
Commercial  Text,  Modern  Refrigeration  and  Air  Conditioning 

Audiovisual  Aids 

Chart,  Set,  Large  Commercial  Refrigeration  Systems 
Transparencies:     Set,  Large  Commercial  Refrigeration  Systems 

Training  Equipment 

Trainer,  Multiple  Evaporator  Refrigeration  System 
Trainer,  Multiple  Compressor  System 
Demonstrator,  Solenoid  Valve 
Tool  Kit 

Trainer,  Open  Type  Display  Case 

Trainer,  Reach- in  Refrigerator 

Trainer,  Ice  Cream  Cabinet 

Trainer,  Water  Cooler  Drinking  Fountain 

Trainer,  Water  Dispenser 

Trainer,  Ice  Machine  Flake 

Trainer,  Ice  Machine  Cube 

Trainer,  Walk-In  Refrigerator  (Freezer  and  Medium  Temperature) 
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Training  Methods 
Lecture/Discussion  (15  hrs) 
Demonstration  (1.5  hrs) 
Performance  (12  hrs) 
Directed  Study  (8  hrs) 


Instructional  Guidance 

It  will  be  necessary  for  at  least  two  individuals  to  work  simultaneously  on 
the  multiple  evaporator  refrigeration  system  trainer.    Observe  the  work  of 
each  student  to  ensure  that  each  one  accomplishes  the  significant  parts  of 
the  criterion.    Before  verification,  the  work  must  be  accomplished  and  the 
workbook  completed  to  your  satisfaction.     Intersperse  the  performance  as 
you  deem  appropriate  for  the  class  being  taught,    Drlrected  Study  assignments 
will  be  accomplished  outside  the  classroom,  and  will  be  verified  the  following 
day  by  a  written  directed  study  examination. 

Written  Test  and  Test  Critique  1^5 
lO*    Physical  Conditioning  -  Days  23,  25,  28,  30,  33,  and  35  6 
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NAME  OF  INSTRUCTOR 


VLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


BLOCK  TITLE 


COURSE  TITLE    t%^£  j 

Refrigeration  and 

 nrynaon-frQ 


Fundament ale  of  Air  Conditioning 


COURSE  CONTENT 


TIME 


Civil  Engineering  Maintenance  Management: 

a.     Using  material  provided,  identify  tl  g  basic  facts  and  terms 
relating  to  Civil  Engineering  Maintenance  Management  Functions    with  80% 
accuracy.    STS:     6a(3).,  6a(41,  66(1),  6b(2).  6f       Meas:   ^  ?C 

(1)  Work  identification 
Ca)    Work  request 
(b)    Service  calls 

(2)  BCE  Work  Authorization 

(a)  BCE  work  orders 

(b)  BCE  job  orders 

(3)  Management  and  utilization  of  material  resources 
SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 

ISW  J3ABR54530  OOl-IV-l,  Civil  Engineering  Maintenance  Management (os) 

^g  Maintenance  Hanag 


1/.5 
(1/.5) 


ujxwjiwt^jw  uux-iv-x,  uivii  lingineering 

[Tra-yning  Methods 
jLeoture/Discussion  (.5  hr) 
jPerformance  (.5  hr) 
iDirected  Study  (.5  hr) 

llnstructional  Guidance 

Evaluate  knowledge  of  non-performanc-  criterion  objectives  by  using  an 
Instructor  Appraisal  Worksheet. 
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PLAN  OF  INSTRUCTION/LESSON  PL  AH  PARtT 


COURSE  T.TLE  Refrigeration  and 


Fundamentals  of  Air  Conditioning 


COURSE  CONTENT 


\Z  TIME  I 


Fundamentals 


11/2.5 
(1/0) 


a.    Given  a  series  of  incomplete  statements,  explain  basic  facts  con- 
^rw?^  and  purpose  of  air  conditioning  equipment,  and  state  the 

19b^     Meas-  -W^""  fundamentals  with  80%  accuracy.    STS:  19a, 

(1)  Fundamentals 

(2)  Temperature  control  equipment 

(3)  Humidity  control  equipment 

(4)  Air  filtration  equipment 

(5)  Air  circulation  equipment 

lnnn^?;4  "J^""^  "laterial  provided,  list  the  procedures  for  installing  air      I  (I/O) 
conditioning  equipment,  and  identify  the  process  for  assuring  the  Lurity  ^ 

^fn^^"°         ej,"^^ig«^'^i°°.  water,  electrical  lines,  and  system  compo-  ' 
|nents.  with  70/c  accuracy.    STS:    19f.  22c(7)      Meas:  ^ 

(1)  Installation  of  air  conditioning  equipment 

(a)  Cooling  equipment 

(b)  Humidity  control  equipment 

(c)  Filters 

(d)  Fans 

(2)  Security  of  mounting 

(a)  Refrigeration  lines 

(b)  Water  lines 

(c)  Electrical  lines 

(d)  System  components 

,       c.    Using  a  psychrometer.  determine  the  wet  and  dry  bulb  temperatures  (2/0.5) 
Of  the  air  in  a  classroom,  and  using  those  temperatures,  plot  dewpoint  I 
temperature,  relative  humidity,  specific  humidity,  and  heat  content  on  a 
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psychrometric  chart,  with  instructor  assistance.  STS:  19c,  19d(l) ,19d(2) ,  19d(3)  I 
Meas:  J/h;  PC   — '  

CD  Wet  bulb  temperature 

(2)  Dry  bulb  temperature 

(3)  Use  of  psychromecer 

(4)  Dewpoint  temperature 

(5)  Relative  and  specific  humidity 

(6)  Heat  content 

(7)  Use  of  psychrometric  chart 

d.    Using  material  provided,  state  simple  facts  relating  to  installation  Cl/0) 
of  insulating  materials  with  80%  accuracy.    STS:  Meas:  M\  PC 

(1)  Installation  of  insulating  materials 

(a)  Bulk 

(b)  Batt 

(2)  Safety 


e.  Given  the  information,  identify  types  and  state  the  purpose  of  air  (.5/0  25\ 
filters  wxth  no  more  than  two  errors.    STS:    19q(l)      Meas:  PC 

(1)  Purpose  of  air  filters 

(2)  Types  of  air  filters 

f.  Given  the  information,  state  the  procedures  for  cleaning  and  (.5/0) 
replacing  air  filters  with  80%  accuracy.    STS:    19q(2).  I9q(3)      Meas:^,  Pc 

(1)  Cleaning  filters 

(2)  Replacing  filers 

g.  Given  the  information,  identify  the  types  and  state  the  applica-  (  5/0  5) 
tions  of  fans,  with  no  more  than  two  errors.     STS:    l9o(i)      Meas:   Jft^  pc 

(1)  Types  of  fans 

(a)  Radial 

(b)  Axial 

(2)  Applications  of  fans 
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h.  Given  the  information,  determine  the  procedures  for  (1/0.5) 
installing  and  servicing  fans,  and  list  the  methods  for  aligning 

drive  belts  and  pulleys,  with  80  percent  accuracy.  STS:  19o(2) 
19o(3),  19oC4)      Meas:    JR^  PC   

(1)     Installation  of  fans 

C2)     Servicing  fans 

C3)    Aligning  drive  belts  and  pulleys 

i.  Given  information,  compare  the  relationship  between  the  types  (1/0.25) 
of  airflow  instruments,  state  their  purpose,  and  explain  their  principles 

of  operation,  with  70  percent  accuracy.    STS:    19p(l)    Meas:^  pc 

(1)  Purpose  of  air  flow  instruments 

(2)  Types  of  air  flow  instruments 

(a)  Anemometer 

(b)  Velometer 

(c)  Manometer 

(3)  Princ^-ples  of  operation 

j.    Given  the  information,  explain  the  procedure  for  using  instruments  (1/0.25) 
to  determine  the  amount  of  air  flow  in  an  air  conditioning  system  with 
not  more  than  two  errors.     STS:    19p(2)     (Meas:   JfT,  PC 

(1)    Determining  amount  of  air  flow 

(a)  Anemometer 

(b)  Velometer 

(c)  Manometer 

k.    Given  the  information,  state  basic  facts  concerning  balancing  the  (.5/0.25) 
air  distribution  in  an  air  conditioning  system,  with  80  percent  accuracy, 
STS:     19j_,  19k     Meas:>5r7  Vc 

(1)     Determining  air  volume  required  for  each  area 

C2)    Adjustment  of  the  system  and  air  distribution  system 
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1.    Given  information,  explain  the  procedures  for  maintaining  fresh  (1/0) 
air  supply  systems,  state  the  methods  for  checking  for  excessive  leakage 
in  air  ducts,  and  inspecting  ducts.    STS:    19q(4).  19q(5).  22c(6)    Meas:>»K  PC 

(1)  Maintaining  fresh  air  supply  systems 

(2)  Excessive  leakage  in  air  ducts 

(3)  Inspecting  ducts 

SUPPORT  MATERIALS  AND  GUIDANCE 

_Student  Instructional  Materials 

SW  J3ABR54530  OOl-IV-2,  Fundamentals (OS) 

WB  J3ABR54530  OOl-IV-2,  Fundamentals 

Commercial  Text,  Modem  Refrigeration  and  Air  Conditioning 
FO  J3ABR54530  OOl-IV,  Psychrometric  Chart 

Audiovisual  Aids 

Transparency  Set,  Psychrometrics 

Chart ,  Psychrometrics 

Training  Equipment 

Trainer,  Insulation  Demonstrator 

Psychrometer 

Velometer 

Anemometer 

Manometer 

Training  Methods 
Lecture/Discussion  (5.5  hrs) 
Demonstration  (0.5  hr) 
Performance  (5  hrs) 
Directed  Study  (2.5  hrs) 

Instructional  Guidance 

Evaluate  criterion  objectives  by  using  the  aTC  Form  98.     Criterion  objective 
performance  may  be  practiced  before  the  performance  measurement  activity 
begins.     Directed  Study  assignments  will  be  accomplished  outside  the  classroom, 
and  will  be  verified  the  following  day  by  a  written  directed  study  examination. 
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PLm  OF  INSTRUC-nOW/LESSOW  PLAN  PArTI 


BLOCK  TITLE 

[Fundamentals  of  Air  Condlt ioning 


COURSE  ■n-n.E 
Refrigeration  &  CrvoRenics  Specialist 


I. 


COURSE  CONTENT 


3.    Water  Puaps 


a.  Given  the  information,  state  basic  facts  or  terms  relating  to 
the  operating  principles  of  centrifugal  water  pumps  with  no  more  than 

j  three  errors.    STS:    24a  Measi^pc 

CD    Operating  principles  of  centrifugal  water  pumps 

b.  Given  the  information, explain  the  procedures  used  to  install 
IZlr,  r'^t'  v^^f  fl«="le  couplings,  replace  pump  packing,  adjust  pump 

packing,  check  the  operation  of  water  pumps,  and  repair  water  pimps  with 
|60  percent  accuracy.    STS:    24b,  24c,  24d.  24e,  24f.  24^     Meas:  Vpc 

(1)  Installation  of  water  pumps 

(2)  Alignment  of  flexible  couplings 
C3)    Replacement  of  pump  packing 

(4)  Adjustment  of  pump  packing 

(5)  Checking  water  pump  operation 
C6)    Repairing  water  pumps 

c.    Given  the  information,  state  basic  facts  or  terms  concerning 
, cross-connect lon/backf low  prev^ncion  to  protect  potable  water  supplies 
I  With  no  more  than  two  errors.    Z'lR:    3k  Meas: 

(1)  Cross-connection 

(2)  Backflow  prevention 

SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 


S/W  DS  J3ABR54530  OOl-IV-3,  Water  Pumps(OS) 
WB  J3ABR54530  OOl-IV-3,  Water  Pumps 

Commercial  Text,  Modern  Refrigeration  and  Air  Conditioning 


Z  TIME 


4/1 
(1/0.5) 


(2/. 5) 


(1/0) 


SICWATURE  AND  DATE 


SUPERVISOR  APPROVAL  QF  LESSON  PLAtT 


SICNATUHg  AWD  DATE 


COURSE  COOTENT 


Audiovisual  Aids 

Transparencies,  Set,  Cooling  Towers 

Transparencies,  Set,  Water  Pump 

Transparencies,  Set,  Water  Conditioning 

Prenarrated  Slides:    ATS  54-21,  Cooling  Water  Treatment 

Training  Equipment 

Trainer,  Centrifugal  Water  Pump 

Trainer,  Centrifugal  Water  Pump 

Dial  Indicator 

Color  Comparator 

Laboratory  Equipment 

Training  Methods 
Lecture/Discussion  (2.5  hrs) 
Performance  (1.5  hrs) 
Directed  Study   (i  hr) 

Instructional  Gu Idanc e 


gnments 
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PLAN  OF  INSTRUCTIOH/LESSOH  PLAN  PART  I 


•LOCK  TITLE 

Fundamentals  of  Air  ConH^^^n»■.^t, 


COU  RSe  TITLE 

Refrigeration  &  Cryogenics  Specialist 


COURSE  CONTENT 


Z  TIME 


4.    Air  Conditioning  Maintenance 


6.5/1.51 
(1/0.5) 


STS:    19e    Meas:         Pc  instructor  assistance. 

(1)    Perform  preoperational  checks 

(a)  Condenser  and  evaporator 
JL  Cleanliness 
2    Condition  of  fins 

(b)  Fan  motor  and  fans 
1.    Security  of  mounting 
2^  Cleanliness 

(c)  Condensate  drain 
Cd)    Power  supply 

Iperfo™  ;°u%^fn?\a\:t^^L^e°\y  cL^rginTthe^^^n^?  1?^^^^  T^^^^^"' 
bulb  temperature  method.    The  correct  c^ndo^!^n»      ^  ^^^^ 
[reached  +    5  PSI.        STS:    l^h  MeL:^'p^^^^^ 

(1)  Calculating  operating  condensing  pressure 

(2)  Charging 

procedure 

(1)  Condenser  pressure  and  temperature 

(2)  Evaporator  pressure  and  temperature 

(3)  Temperature  difference  across  the  evaporator 


SICNATURe  AND  PATE 
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(4)  Compressor  amperage  draw 

(5)  Fully  active  evaporator 

d.    Using  the  trainer  provided,  and  working  as  a  member  of  a  team,  (2.5/. 25) 

isolate  instructor  induced  system  malfunctions  to  the  smallest  replace- 
able or  repairable  part.    STS:    22d       Meas:   ^ff  PC 

Cl )    Troubleshoo  t  ing 

Ca)    Refrigeration  system 
(b)    Electrical  system 

SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

SW  J3ABR54530  001-17-4,  Air  Conditioning  Maintenance (ds) 
WB  J3ABR54530  001-17-4,  Air  Conditioning  Maintenance 
Commercial  Text,  Modern  Refrigeration  and  Air  Conditioning 


Training  Equipment 

Trainer,  Air  Conditioner,  Window 

Trainer,  Heating  and  Cooling,  Residential 

Trainer,  Heat  Pump 

Amp  robe.  Clamp  On 

Vacuum  Pump 

Training  Methods 
Lecture/Discussion  (3  hrs) 
Demonstration  (1  hr) 
Performance  (2.5  hrs) 
Directed  Study  (1.5  hrs) 


Instructional  Guidance 

Place  adequate  emphasis  on  safety  precautions  involved  with  refrigerant  charging 
procedures.    Evaluate  criterion  objectives  by  using  ATC  Form  98.  Performance 
criterion  objectives  may  be  practiced  before  the  performance  measurement  activitv 
begins  if  time  permits.    During  the  performance  measurement  activity,  assure  that 
each  student  accomplishes  a  representative  portion  of  the  task.    Directed  Study 
assignments  will  be  accomplished  outside  the  classroom,  and  will  be  verified  the 
following  day  by  a  written  directed  study  examination. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  i 


COURSE  TITLE  Ret rlgeration  and 

Cryogenics  Specialist 


Fundamentals  of  Air  Conditioning 


COURSE  CONTENT 


|1.    Cooling  Towers,  Water  Treatment,  and  Evaporative  Condensers 

I    a  information,  identify  terms  and  facts  relating  to  the 

principle  of  operation,  purpose  of  bleed  off    and  make-up  water,  and 
methods  of  capacity  control  of  cooling  towers  and  evaporative  condensers 
I with  no  more  than  four  errors.     STS:     23a,  23b,  23f (1)  Meas: 

(1)  Principles  of  operation  of  cooling  towers 
(a)    Types  of  cooling  towers 

_1    Natural  draft 
2^    Forced  draft 

(2)  Methods  of  cooling  tower  capacity  control 

(a)  Modulating  the  water  flow 

(b)  Modulating  the  air  flow 

(c)  Cycling  the  fan 

(3)  Principles  of  operation  of  evaporative  condensers 

(4)  Evaporative  condenser  capacity  control 

(5)  Purpose  of  make-up  water 

(6)  Purpose  of  bleed-off 

b.    Given  the  information,  state  the  procedures  for  calculatlnc^  water 
I  bleed-off    with  no  more  than  one  error.    STS:    23c       Meas:  ^ 

(1)     Calculating  water  bleed-off 

I  P    ^-    Given  the  information,  state  simple  facts  concerning  the  operation 
lof  cooling  tower  and  evaporative  condenser  capacity  controls  with  80% 
(accuracy.     STS:     23f (2)  Meas: 

(1)    Operation  of  cooling  tower  capacity  controls 

f?^      npg>r"af>-fnn  a,>^p^.>-^4. -f.^a   rnnH<ar;fier  rap^tr.-fl-v  r^n^rn^c  

 SUPERVISOR  APPROVAL  Of  LESSON  PLAN 
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COURSE  CONTENT 


d.    Given  the  information,  describe  the  procedures  for  (.5/0) 
installing  and  maintaining  cooling  towers  and  evaporative 
condensers  with  8QZ  accuracy.     STS:    23d,  23e  Meas:  ^  PC 


CI)    Installation  of  cooling  towers  and  evaporative 
condensers 


C2)    Maintenance  of  cooling  towers  and  evaporative 
condensers 


e.    Given  the  information,  state  basic  facts  or  terms  (.5/0) 
relating  to  the  application  of  evaporative  condensers  with  80% 
accuracy.    STS:     23^         Meas:  ^  ?C 

(1)    Application  of  evaporative  condensers 


f.    Given  the  information,  state  the  method  of  recognizing  (.5/0) 
scale,  corrosion,  and  algae  with  no  more  than  two  errors. 
STS:     25a(l),  25a(2),  25a(3)        Meas:  PC 

(1)  Recognizing  scale 

(2)  Recognizing  corrosion 

(3)  Recognizing  algae 
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COURSE  CONTENT 


g.    Given  the  information,  identify  basic  facts  about  the  effects  (  5/n^ 


(1)  Effects  of  scale 

(2)  Effects  of  corrosion 

(3)  Effects  of  algae 


h.     Given  the  information,  state  the  procedure  for  chemically  treating      (  s/i^ 

S?  "    ?cnr'25  ^'^^^  "^^"^  "°  two  errors!"'''"'  ^'"^'^ 

STS.     25c(l),  25c(2),  25c(3)      Meas:  ^ 


(1)  Determination  of  PH  for  water 

(2)  Chemical  treatment  of  water  for  scale 

(a)  Sodium  zeolite  water  softening 

(b)  Phosphates 

(c)  Sulfuric  acid 

(3)  Chemical  treatment  of  water  for  corrosion 
(a)  Phosphates 

(4)  Chemical  treatment  of  water  for  algae 

(a)  Calcium  hypochlorite 

(b)  Copper  sulfate 


1.    Given  the  information,  staLe  simple  facts  concerning  the  operation  (.5/0) 
and  adjustment  of  cooling  tower  water  conditioning  equipment  with  80% 
accuracy.    STS:     23h,  23i       Meas:   ^  equipment  wicn  tju/o 


(1)  Drip  feeder 

(a)  Operation 

(b)  Adj  ustment 

(2)  Pot  feeder 

(a)  Operation 

(b)  Adjustment 
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COURSE  CONTENT 


j.    Given  the  information,  list  simple,  facts  relating  to  the  maintenance  (.5/0) 
of  evaporative  mechanical  equipment  with  70%  accuracy.    STS:     19i    Meas:  iff  PC 

Cl)    Maintenance  of  evaporative  mechanical  equipment 

SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 

SW  J3ABR54530  OOl-IV-5,  Cooling  Towers,  Water  Treatment,  and  Evaporative 
Condensers  (V^ 

WB  J3ABR54S30  OOl-IV-5,  Cooling  Towers,  Water  Treatment,  and  Evaporative 
Condensers 

Commercial  Text,  Modem  Refrigeration  and  Air  Conditioning 
Audiovisual  Aids 

Transparencies,  Set,  Cooling  Towers,  Water  Treatment,  and  Evaporative 
Condensers 

Prenarrated  Slides:    ATS  54-21,  Cooling  Water  Treatment 
Training  Equipment 

Trainer,  Centrifugal  Air  Conditioner 
Color  Comparator 
Laboratory  Equipment 

Training  Methods 
Lecture/Discussion  C3  hrs) 
Performance  (3  hrs) 
Directed  Study  (2.5  hrs) 

Instructional  Guidance 

Use  ATC  Form  98  to  appraise  accomplishment  of  criterion  objectives.  Directed 
Study  assignments  will  be  accomplished  outside  the  classroom,  and  will  be 
verified  the  following  day  by  a  writted  directed  study  examination. 

6.  Written  Test  and  Test  Critique  1^5 

7.  Physical  Conditioning,  Days  38  and  40  2 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART? 


COURSE  TITUE 


BLOCK  TITUE 

I  Air  Conditioning  Controls 


Refrigeration  and 
Cryogenics  Specialist 


1. 


COURSE  CX)NTEHT 


Z  TIME 


1*    Air  Compressing  Equipment 

a.  Given  the  information,  state  the  types,  purpose  and  operating 
principle  of  air  compressing  equipment  used  to  support  air  conditioning 

I  systems. 80%  accuracy  must  be  attained.    STS:    13f  (1)  Meas:^ 

(1)  Types 

(2)  Purpose 

(3)  Principle  of  operation 

b.  Given  a  disordered  list  of  steps  necessary  for  the  Installation 
replacement  of  defective  parts,  checking  equipment  operation,  operator  ser 
vice,  and  maintenance  of  air  compressing  equipment,  select  the  appropriate 
steps  for  each  activity  and  place  them  in  logical  sequence.    List  must  be 

[completed  with  80%  accuracy.    STS:    13f(2),  13f(3),  13f(A).  13fC5)  Meas:  Jdf^ 

(1)  Installation 

(2)  Replacement  of  defective  parts 

(3)  Checking  equipment  operation 

(4)  Operator  service  and  maintenance 
SUPPORT  MATERIALS  AND  GUIDANCE 

[Student  Instructional  Materials 

SW  J3ABR54  530  001-V-l,  Air  Compressing  Equipment (os) 
JWB  J3ABR54530  001-V-l,  Air  Compressing  Equipment 
jCommercial  Text,  Modem  Refrigeration  and  Air  Conditioning 

jAudiovisual  Aids 

jTransparencies,  Set,  Air  Compressor 

[Training  Equipment 
iTrainer,  Air  Compressor  Control  Air 


1.5/0 
(1/0) 


(.5/0) 


SUPgRVISOR  APPROVAL  OP  LESSOM  PLAM 


SIGNATURE  AND  DATE 


SIGNATURE  AND  DATE 


POl  NUMRKM 
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V 
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1 
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ATC 


JUN  ?• 


PREVIOUS  EanON  OtSOL^TE 


COURSE  CONTENT 


Training  Methods 
Lecture/Discussion  (.75  hr) 
Performance  (.75  hr) 

Instructional  Guiiance 

Stress  safety  around  electrical  and  mechanical  equipment. 


ERIC 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


COURSE  TITLE 


BLOCK  TITLE 

I  Air  Conditioning  Controls 

T  ■ 


Refrigeration  and 


COURSE  GUNTENT 


2.    Pneumatic  Controls 

a.  Given  the  information,  explain  the  purpose,  use,  and  operating 
principle  of  pneumatic  controls  with  80%  accuracy.    STS:    ISeCD ,  15eC2) 

|Meas:  ^  PC 

(1)  Terms 

(2)  Types,  purpose  and  use  of  pneumatic  controls 

(3)  Operating  principle  of  pneumatic  controls 

b.  Working  as  a  memtxer  of  a  team  and  using  a  refrigeration  controls 
trainer,  calibrate  the  pneumatic  thermostat  to  maintain  a  temperature 
specified  by  the  instructor  +  4''F.    STS:    15e(3)      Meas:  -iff  PC 

(1)    Calibration  procedures 

c.  Working  as  a  team  member  and  using  a  refrigeration  controls, 
locate  two  of  three  instructor  induced  malfunctions.    Maintain  tha  pneu- 
matic equipment  by  repairing  the  malfunctions  with  instructor 
assistance.  sTS:     15e(4).  15e(5)  Meas:>l<PC 

(1)  Troubleshooting  pneumatic  equipment 

(2)  Maintaining  pneumatic  equipment 

d.  Given  the  information,  state  the  operating  principles  of  mechani- 
cal air  dryers  with  no  more  than  two  errors.    STS:    15e(6)      Meas:  Jf^^  PC 

(1)    Mechanical  dryers 

SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 
SW  J3ABR54530  OOl-V-2,  Pneumatic  Controls(ps) 
WB  J3ABR54530  001- V-2,  Pneumatic  Controls 
Commercial  Text,  Modem  Refrigeration  and  Air  Conditioning 

Audiovisual  Aids 

Transparencies,  Set,  Pneumatic  Controls 
Chart,  Set,  Pneumatic  Controls 


Z  TIME 


a/ 3 

C4.5/1) 


(2/1) 


(2/. 5) 


SUPERVISOR  APPROVAL  OF  LESSON  PL  AM 

SIGNATURE  AND  DATE 
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COURSE  CONTENT 


Training  Equipment 

Trainer,  Refrigeration  Controls 

Trainer,  Dehydrator 

Bench  Items*    Room  Thermostat 

Room  Humidistat 

Heating-Cooling  Thermostat 

Pneumatic  Valve 

Pneumatic  Damper  Operato'* 

Pilot  Positioner 


Training  Methods 
Lecture/Discussion  hrs) 
Demonstration  Q  hr) 
Performance  hrs) 
Directed  Study  (3  hrs) 


Instructional  Guidance 

As  a  safety  precaution,  students  will  remove  all  jewelry  while  completing 
performance.    Use  ATC  Fom  98  to  appraise  accomplishment  of  criterion 
objectives,     Din^cted  Study  assignments  will  be  accomplished  outside  the 
classroom,  and  will  be  verified  the  following  day  by  a  witten  directeJ 
study  examination. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PARtT 


BLOCK  TITLE 


COURSE  TITLE  Refrigeration  and 

>enics  Specialist 


Crvogc 


I  Air  Conditioning  Controls 
1. 


COURSE  CONTENT 


3.     Electrical  Controls 

a.  Given  the  information,  explain  the  purpose,  use,  and  operating 
[principle  of  electrical  controls  with  80%  accuracy.    STS:  15c(l)(a) 

15c(l) (b),  15c(2)        Meas:  ^   

(1)  Purpose 

(2)  Use 

(3)  Operating  principle  of  two-position  controls 

(4)  Operating  principle  of  modulating  controls 

b.  Working  as  a  member  of  a  team  and  using  a  refrigeration  controls 
trainer,  calibrate  a  series  90  electrical  control  loop  with  instructor 
assistance.    STS:    15c(3)      Meas:   ^  PC 

(1)    Calibration  procedures 

c.  Working  as  a  member  of  a  team  and  using  a  refrigeration  controls 
trainer,  isolate  two  instructor  induced  electrical  controls  malfunctions 
with  instructor  assistance.    STS:    15c(4)        Meas:  PC 

(1)    Troubleshooting  electrical  controls 

d.  Given  a  disordered  list  of  steps  for  replacing  electrical  control 
place  them  in  logical  order  with  70%  accuracy.    STS:  -  15c(5)  Meas:\-4K 

(1)  Safety  considerations 

(2)  Sequence 

SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Materials 

SW  J3ABR54530  OOl-V-3,  Electrical  Controls  (PS) 

\JB  J3ABR54530  OOl-V-3,  Electrical  Controls 

Audiovisual  Aids 

Transparencies,  Set,  Electrical  Controls 
Charts,  Set,  Electrical  Controls 


Z  TIME 


9/2 
(4/1) 


(2/. 5) 


(2/. 5) 


,(1/0) 


SUPERVISOR  ARPRG 
SIGNATURE  AND  DATE 

VAL  OF  LESSON  PLAN 

SIGNATURE  AND  DATE 

J3ABR54530  001                          |  V 
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COUFLSE  CONTENT 


Training  Equipment 

Trainer,  Refrigeration  Controls 

Multimeter 

Bench  Items:    Electrical  Controller  Series  40 
Pressuretrol  Series  90 
Series  90  Control  Motor 
Series  80  Control  Motor 


Training  Methods 
Lecture/Discussion  (4  hrs) 
Demonstration  (1  hr) 
Performance  (4  hrs) 
Directed  Study  (2  hrs) 


Instructional  Guidance 

Use  ATC  Form  98  to  appraise  accomplishment  of  criterion  obiectives.  Directed  Studv 
assignments  will  be  accomplished  outside  the  classroom,  and  will  be  verified  the 
following  day  by  a  written  directed  study  examination. 


POI  J3ABR54530  001  20  Sep  1982  66 

6S 


NAMEOFINiTRU^TOa' 


PLAN  OF  INSTRUCfi5FVL feSSQN  ?*LAN  PART  I 


BLOCK  TIT»„  2 

Air  Conditionirtg  Controls 


^'TLE  Refrigeration  and 
 Cryogenics  Specialist 


h 


COURSE  CO^^TgNT 


Z  TIME 


j[4.    Electronic  Controls 

a.    Given  five  basic  electronic  diagrams,  draw  lines  to  indicate  cur- 
rent flow  through,  the  circuits.    Three  of  the  five  circuits  must  be  cor- 
|rect.    STS:    15dQ)     Meas:  PC 

Cl)  Current  flow  i  .  r^-type  material 

C21  Current  flow  in  N-type  material 

(3)  A  P-N  Junction 

C4)  Forward  and  reverse  -  BIAS 

(5)  Junction  transistors  (Triode) 

C6)  NPN  transistors 

(7)  PNP  transistors 

b.  Given  a  schematic  of  a  bridge  circuit  describe  its  funccion  and 
draw  lines  to  indicate  current  flow  through  the  device  for  one  cvcle 

I  Two  errors  permitted.    STS:    8fa)(d),  15dC3)       Ileas:  ^  PC  " 

(1)  Function  of  i ridge  circuits 

(2)  Operation  of  bridge  rectifiers 

(3)  Operation  of  bridge  control  circuits 

c.  Given  a  list  of  five  electronic  components,  state  their  applica- 
tion to  electronic  controls.    Four  of  the  five  must  be  correct. 

[STS;    15d(2)      Meas:  ^  PC 

(1)  Diode 

(2)  PNP  transistor 

(3)  NPN  transistor 
C4)  Capacitor 


(1/0,5) 


a/.25) 


(.5)    Inductor  (choke  coil) 


SUPERVISOR  APPROVAL  OP  LESSON  PL 


SIGNATURE,  AND  DATE 


SICMATURE  AND  DATE 
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J3ABR54530 


001 
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TORM 
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133 


PREVIOUS  EUTION  OBSOLETE 


COURSE  CONTENT 


Given  the  intonnation,  trace  the  current  flow  through  a  simple  (1/0.5) 

cJS      JfLfJ'*'"^'  and  state  Its  purpose.    Two  errors  permitted.  ^ 
STS:    15dC4)    Meas:  Jtf  ?C 

CD    Purpose  of  amplifiers 
(2)    Principle  of  operation 

e.  Given  the  information,  state  the  purpose,  use  and  operating  Cl/l) 
STS:    15dC5).  15dC7)       Meas:  ^  PC 

(1)  Purpose 

(2)  Use 

C3)    Operating  principle 

f.  Given  the  information,  state  the  operating  principle  of  modulating      (1/0  ^s) 
electronic  controls.    Only  one  errcr  permitted.     STS:    15d(6)    ?feas:  Jfff  PC  " 

(1)    Operating  principle 

g/    Given  the  information,  state  the  procedure  for  troubl- s^icot^nc  (  5/  25) 

electronic  controls  and  replacing  the  controls  with  no  :rote    r'ran  two" 
errors.    STS:    15d(9),  15d(.10)         Meas:  ^PC 

h.    Using  a  modified  Tilheatstone  Bridge  Trainer,  adjust  the  control  (  S/O)  ^ 

point  +  1  mlcroamp.     STS:    15dC8)       '^eas:  PC 

(1)  Circuit  analysis 

(2)  Adjustment  procedures 

SUPPORT  MATERIALS  AND  GUIDAl'^CE 

Student  Instructional  Materials 

SW  J3ABR54530  OOl-V-4,  Electronic  Controls  (os) 

WB  J3ABR54530  OOl-V-4,  Electronic  Controls 

Audiovisual  Aids 

Transparencies,  Set,  Electronic  Controls 

Training  Film:    TF1-5250-A,  Transistors  -  PN  Junction  Fundamentals 

Training  Equipment 

Trainer,  Modified  Wheatstone  Bridge 

Trainer,  Refrigeration  Controls 


 i 
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COURSE  CONTEITT 


Training  Methods 
Lecture/Discussion  C5  hrs) 
Demonstration  (1  hr) 
Performance  C3  hrs) 
Directed  Study  (3  hrs) 

Instructional  Guidance 

As  a  safety  precaution,  students  will  remove  all  jewelry  while  completing 
performance.    Use  ATC  Form  98  to  appraise  accomplishment  of  criterion 
objectives.    Directed  Study  assignments  will  Be  accomplished  outside  the 
classroom,  and  will  be  verified  the  following  day  by  a  written  directed 
study  examination. 

5.  Written  Test  and  Test  Critique 

6.  Physical  Conditioning  -  Days  43  and  45 
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NAME  OF  INSTRUCTOR 


OF  INSTRUCTION/1  ESSON  PLAN  PART  I 


BLOCK  TITLE 

Commercial  Air  Conditioning 


I  COURSE  TITLE  Refrigeration  and 

J  Cryogenics  Sper-f a1 


1. 


COURSE  CONTENT 


1.    Air  Handlers 

a.  Given  a  disordered  list  of  steps  required  to  replace  air  handler 
bearings,  shafts,  belts  and  pulleys;  and    djustment  of  damper  linkage 
place  the  steps  in  order  with  no  more  than  four  errors.     STS-  22f(2)  * 
22f(4),  22f(5)       Meas:   ^  A^H. 

(1)  Construction  features 

(2)  Replacement  of  components 

(3)  Damper  adjustment 

b.  Given  the  information,  s;-.:e  the  steps  for  lubricating  air  hand- 
ler  bearings  and  checking  th^.  b,-^arings,  belts  and  pulley  alignment  with 

I  no  more  than  three  errors.    6'i:i.    22f(l),  22f(2)      Meas:  ^ 

(1)  Lubrication 


Z  TIME 


(2)  Bearings  and  belt  checks 

(3)  Pulley  alignment  check 

SUPPORT  MATERIALS  AND  GUIDAiirC^. 

Student  Instructional  Materials 
SW  J3ABR54530  001-VI-l,  Air  Handlers  (t^S) 
\m  J3ABR54530  001-VI-l,  Air  Handlers 

Commercial  Text,  Modem  Ref rigereition  and  Air  Conditioning 
Training  Equipment 

Trainer,  Air  Conditioner,  8k  ton/80  ton 

Training  Methods 
Lecture/Discussion  (1.5  hrs) 
I)iVected_Study  (.5  hr) 

Instruct  a;nal  Guidance 

Use  workbook  to  appraise  accomplishment  of  knowledge  criterion  objectives 
Directed  study  assisj^jcents  will  be  accomplished  outside  the  classroom, and 
will  be  verii-ied  the  following  day  by  a  written  directed  study  examination 


1.5/0.5 
•C1.0/.25] 


C5/.25: 


SIGNATURE  AND  DATE 


SUPERVISOR  APPROVAL  OF  LESSON  PLAN 
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NAMEOF  INSTRUCTOR 


PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


BLOCK  TITLE 

Commercial  Air  Conditioning 


COURSE  TITLE  Refrigeration  and 
 Cryogenics  Specialise 


1. 


COURSE  CONTENT 


2.     Centrifugal  Air  Conditioning 


a.    Select  from  a  list  of  principles,  those  that  appl ,  to  the  opera- 

(1)    Principles  of  operation 

o^n^.:    ^^^^^  ^  diagram  of  the  refrigerant,  chilled  water,  and 

condenser  water  systems,  indicate  by  designated  colors  and  arrows  the 

(1)  Refrigerant  flow 

(2)  Chilled  water  flow 

(3)  Condenser  water  flow 

^.tPr*     ^l^^""  statG.  the  steps  in  maintaining  th-  chilled 

water  system  with  no  mor  •  than  one  error.     STS:     191       Meas:    ^  PC 

(1)  Evaporator  tubes 

(2)  Water  treatment 


Z  TIME 


il;5/2. 

(2/0.25) 


(1/0.25) 


lor  pressure 

'lo  more  than  tvo 


d.  Given  the  information,  list  r.he  steps  required 
checking  the  refrigeration  syst^s  with  dxy  nit>-.->cten 
errors  permitted.     STS:    Kjj       hens:  ,JiC<  PC 

(1)  Pressure  checking  systems 

(2)  Safety  precautions 

e.  Given  a  di  ordered  list  of  steps  required  for  charging  a  centrifu- 
gal system  with  refrigerant,  place  the  steps  in  order  wi:n  no  more  than  ^ 
two  errors.     STS:    ^       Meas:  JK,  PC 

(1)    Charging  centrifugal  systems 
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COURSE  CONTENT 


f .  Working  as  a  member  of  a  team  and  using  a  centrifugal 
system  trainer,  check,  adjust  and  perform  maintenance  on  the 
compressor  and  system  controls  with  instructor  assistance. 
STS:    21e,  21f,  2l£     Meas:         ?  C 

(1)  Checks 

(2)  Adjustments 

(3)  Maintenance 

g.  Working  as  a  member  of  a  team  and  using  a  centrifugal 
system  trainer,  operate  the  purge  recovery  unit  with  instructor 
assistance.    STS:    21h     Meas:    *r  P  C 

(1)    Purge  unit  operation 

h.  Working  as  a  member  of  a  team  and  using  a  centrifugal 
system  trainer,  operate  the  compressor  and  perform  the  operational 
checks  on  the  system  while  applying  safety  precautions  pertaining  to 
high  intensity  sound  with  instructor  assistance.     STS:     3hC3) ,  21d,  22 
Meas:  X7  P  C      — 

(1)  Operation  of  centrifugal  compressor 

(2)  Operational  checks 

(3)  Safety  precautions 

SUPPORT  MATERIALS  AND  GUIP/.NCE 
Student  Instructional  Materials 

SW  J3ABR54530  OOl-VI-2,  Centrifugal  Air  Conditioning  (oS) 
WB  J3ABR54530  OOl-VI-2,  Centrifugal  Air  Conditioning 
Commercial  Text,  Modem  Refrigeration  and  Air  Conditioning 

Audiovisual  Aids 

Chart  Set,  Centrifugal  Air  Conditioning 
Transparencies,  Set,  Centrifugal  Air  Conditioning 

Training  Equipment 

Trainer,  Air  Conditioner,  Centrifugal 

Training  Methods 
Lecture/ Discuss ion  (5  hrs) 
Demonstration  (1  hr) 
Performance  (4.5  hrs) 
Directed  Study  (2.5  hrs) 
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Instructional  Guidance 

Use  workbook  to  appraise  accomplishment  of  criterion  objectives.  Criterion 
objective  task  performance  may  be  practiced  before  the  performance  measurement 
activity  begins.    Instructor  assistance  may  be  given  on  criterion  objectives 

as  indicated  by  the  workbook.    During  the  task  performance  measure- 
stCLarfLnLl^%r^  '°  criterion  objectives  3f .  3g.  and  3h.  assure  that  each 
student  accomplishes  a  representative  portion  of  the  task.    Directed  STudy 
assignments  will  be  accomplished  outside  the  classroom  and  will  be  verified  the 
following  day  by  a  written  directed  study  examination. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  i   

I  COURSE  TITLE   Refrigeration  and 


BLOCK  TITLE 

Conmercial  Air  Conditioning 


COURSE  CONTENT 


2.  TIME 


Ahsorption  Air  Conditioning 


<5rh^:^4  ^orption  System  Trainer  and  an  Absorption  Cycle 

Schematic,  label  the  major  components  and  trace  the  flow  of  the  solution 
MeLr  '""^  permitted.    STS:  lolrm 

Cl)  Absorption  principles 

C2)  Absorption  terms 

C3)  Maj  or  components 

(.4)  System  configuration 

C5)  Operating  principles 

b.  Given  the  information,  state  the  procedures  for  leak  testing  the 

^tT"^^^^^^^  '-^^^  3  errors         '  ' 

STS:    20da).  20d(2)  Meas:    ^  PC 

(1)    Vacuum  Test 

C2)    Pressure  Test 

c.  Working  as  a  team  member,  using  an  Absorption  System  Trainer  and 
equipment  provided,  operate  the  system.    iJhile  operating  the  system 
record  temperature  and  pressure  readings  on  the  system  operation.  No 
more  than  2  errors  permitted.     STS:    20c       Meas:  ^ PC 

CD  Preoperational  checks 

C2)  Starting  procedures 

(3)  Stopping  procedures 

(.4)  Operating  logs 

C5)  Equilibrium  chart 

(6)  Purge  operation 


12.5/3.! 
(2.5/1) 
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(.9/2.5) 
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SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 

SW  J3ABR54530  QOl-VI^S,  Absorption  Air  Conditioning  Systems (ds) 
WB  J3ABR54530  OOl-VI-3,  Absorption  Air  Conditioning  Systems 
Commercial  Text:    Modem  Refrigeration  and  Air  Conditioning 

Audiovisual  Aids 

Transparencies,  Set»  Absorption  Air  Conditioning  Systems 
Training  Equipment 

Trainer,  Air  Conditioner,  Absorption 

Training  Methods 
Lecture/Discussion    (4.5  hrs) 
Demonstration  (1  hr)  • 
Performance  (7  hrs) 
Directed  Study  (3,5  hrs) 

Instructional  Guidance 

Use  ATC  Form  98  to  appraise  accomplisrimenc  of  cricerion  oajectives.  Critierion 
objective  task  performance  nay  be  practiced  before  the  measurement  activity 
begins  if  time  permits.     Directed  Study  assignments  will  be  accomplished  out- 
side the  classroom,  and  will  be  verified  ths  folloxv^ing  day  by  a  written 
directed  study  exanir.ation. 
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PLAN  OF  INSTRUCTION/LESSON  PLAN  PART  I 


BLOCK  TITLE 

Commercial  Air  Conditioning 


COURSE  TITLE  Refrigeration  and 


1. 


COURSE  CONTENT 


Z  TIME 


4.    Cylinder  Unloaders  and  Humidity  Control 

a.  Given  a  list  of  ten  statements,  select  three  of  the  five  which 
descrlbethe  operating  principle  of  cylinder  unloadars.    STS:    13a  ^^e) 
Meas:         PC   ^— ^ 

(1)  Actuator 
C2)  Unloader 

b.  Working  as  a  member  of  a  team  and  using  an  air  conditioner 
trainer,  adjust  the  cylinder  unloader  to  the  value  specified  by  the 
Instructor  with  Instructor  assistance.     STS:     13a C7)       Meas:  Jt;  PC 

(1)    Adjustment  procedure 

c.  Given  a  list  containing  ten  statements  relative  to  the  types  and 
purpose  of  humidity  control  equipment,  select  three  of  the  five  which  are 
correctly  stated.      STS:     19r(l)    Meas:  >^  PC 

(1)  Types 

(2)  Purpose 

d.  Given  the  information,  state  the  adjustment  procedure  for 
humidity  control  equipm^^nt  with  no  more  than  one  errors.    STS:  19rr2) 
Meas:  ^  PC  ^  ^ 

(1)    Adjustment  proccJure 

SUPPORT  MATERIALS  AND  GUIDAl^CE 


4.5/1.5 
(1.5/.  5)1 


a/. 5) 


a/. 5) 


Ci/o) 


Student  Instructional  Materials 

SW  J3ABR54530  OOl-VI-4,  Cylinder  Unloaders  and  Humidity  Control^DS) 
WB  J3ABR54530  OOl-VI-4,  Cylinder  Unloaders  and  Humidity  Control 
Commercial  Text,  Modern  Refrigeration  and  Air  Conditioning 

Audiovisual  Aids 

Tranpoarencies,  Set,  Cylinder  Unloader  and  Humidity  Control 
Chart,  Set,  Cylinder  Unloaders  and  Humidity  Control 
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Training  Equipment 
Trainer,  Air  Conditioner 
Amprobe 

Training  Methods 
Lecture/Demonstration  (2.25  hrs) 
Demonstration  (0.25  hrs) 
Performance  (2  hrs) 
Directed  Study  (1,5  hrj^) 
Instructional  Guidance 

Place  adequate  emphasis  on  safety  precautions  around  operating  equipment,  and 
working  with  live  electrical  circuits.    Use  ATC  Form  98  to  appraise  accomplish- 
ment of  criterion  objectives.    During  the  task  performance  measurement  activity 
relation  to  criterion  objective  4b,  assure  that  each  student  accomplishes  a  rep- 
resentative portion  of  the  task.     Instructor  assistance  may  be  given  on  criterion 
objective  4b  as  indicated  by  the  ATC  Fcna  98.     Criterion  objective  task  perform- 
ance may  be  practiced  before  the  performance  measurement  activity  begins, 
Directed  Study  assignments  will  be  accomplished  outside  the  classroom,  and  will 
be  verified  the  following  day  by  a  written  directed  study  esanination. 
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BLccK  rsr-  -   ' 

COURSE  TITLE    Refrigeration  and 

Cryogenics  Specialist 

Ccmrt  .ial  Air  Copditioning 


Se  Security 


COURSE  CONTENT 


of  nrlvP^M^^  ATC/SGE3ABR/om0001.  determine  classification  and  methods 
°£  with  no  more  than  two  errors. 

STS:    2a (1).  2a(2)       Meas:  Jitf  PC 

with^tha^^j^LfM"  identify  the  vulnerabilities  associated 

SUPPORT  MATERIALS  AND  GUIDANCE 
Student  Instructional  Materials 


ATC  SG  E3ABR/OBR00001,  Communications  Security 
SW  J3ABR54530  OQl-VI-S,  Vulnerabilities  of  AFSC  545X0  to  Operations 
Security  Violations 

Training  Methods 


Directed  Study  (1  hr) 
Instructional  Guidance 


Directed  Study  assignment  will  be  acco::,plished  outside  the  clascroom  and 
will  be  verified  the  following  day  by  a  written  directed  study 
examination. 
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PLAN  OF  INSTRUCnON/LESSON  PLAN  PARtI 


BLOCK  TJTUE 

Commercial  Air  Conditioning 


COURSE  TITLE  Refrigeration  and 
 Cryogegica  Specialist 


COURSE  CONTENT 


6.  Publications 


s^on^^n^^^^^'/'"?  ^  ^^""^  definitions  the  one  which  defines  the 

scope  and  application  of  technical  order  systems,    STS:    4a     Meas:^,  PC 

(1)  Technical  Order  System 

.^on,^^         l^^  Manufacturer's  Manual  to  perform  an  inspection  and  one 
item  of  maintenance  on  the  Absorption  System  Trainer  with  instructor 
assistance.    STS:    4b    Meas:  ^  PC 

CD    Use  of  manual 

(2)  Inspections 

(3)  Maintenance 

SUPPORT  MATERIALS  AND  GUIDANCE 

Student  Instructional  Marerials 
SG  AFS  54,  55,  56  PiibT  ications 
WB  J3ABR54530  OOl-VI-6,  Publications 
Techaical  Order  Files 

Training  Methods 
Lecture/Discussion  Cl-5  hrs) 
Performance  (1.5  hrs) 

Instructional  Guidance 

Use  ATC  Form  98  to  appraise  accomplishment  of  criterion  objective  6a 
Instructor  assistance  may  be  given  on  criterion  objective  6b,  as  indi- 
cated by  the  ATC  Form  98. 

7.  Written  Test  and  Test  Critique 

8.  Course  Critique  and  Graduation 

9.  Physical  Conditioning  -  Days  48  and  50 

10.  End  of  Course  Appointments  and  Predeparture  Safety  Briefing 


2.  TIME 
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3770  Technical  Training  Group 
(Civil  Engineering  Training) 
Sheppard  Air  Force  Base,  Texas 


SGWB  J3AB54530  OOl-I-l 
September  1982 


ORIENTATION 


OBJECTIVE 


This  study  guide  will  acquaint  you  with  the  course  organir.ation ,  objectives, 
instruction  and  measurement  prograuns,  and  with  the  organization  of  a  typical  civil 
engineering  organizaiton. 

INTRODUCTION 

This  entire  orientation  study  guide  is  an  introduction.     In  it  we  will  attempt  to 
introduce  you  to  the  contents,  policies,  and  objectives  of  the  course  and  career  field 
for  which  you  have  been  selected.     In  our  initial  introduction  we  will  attempt  to  cover 
the  daily  schedules,  the  instruction  and  measurement  policies,  the  type  of  training 
materials  used  and  other  items  of  particular  interest  to  you  as  an  entering  student.  We 
will  also  acquaint  you  with  the  organization  of  a  typical  civil  engineering  organization. 
Above  all,  we  want  you  to  feel  welcomed  in  our  course  and  wo  will  do  everything  we  can  to 
make  your  stay  at  Sheppard  worthwhile  and  pleasant,  for  you.     The  more  you  put  into  the 
course,  the  niore  you  will  get  out  of  it. 

Materials  presented  in  the  following  pagts  will  be  under  the  major  topic  headinqs  ae 
follows: 

  overview  of  Course  Content 

  Responsibii  i.ties  of  Students 

  Relationship  of  Graduates  Performance  to  Air  Force  Mission 

  Benefits  of  CCAF 

  Types  &  Use  of  Instructional  Materials 

  Student  Progress  Policies 

  Student  Relocation  Program 

  Effective  s ' udy  Techniques 

  Procedures  for  Shelter  Exercises  and  F?        ,v;*cuation  Plan 

  Student  Critique  Program 

  Conservation  of  R  ■>urces 

 Disposition  of  Eliinine^s 

  TDY  Personnel  Processing 

Overview  of  Course  Contents 

This  course  to  which  you  have  been  assigned  is  organit'.ed  in  a  manner  to  present  you 
instruction  in  a  progressive  sequence.     That  is,   fundamentals  and  piixncxples  are 
presented  first  and  are  followed  by  your  practical  performance  to  insure  that  you  acquio 
both  the  knowledges  and  skills  necessary  to  perform  as  an  apprentice  refrigeration  and 
air-coiiditioning  specialist.     Your  training  begins  with  this  orientation  study  guide  and 
will  proceed  through  v  le  fundamentals  of  refrigeration  fittings  and  shop  equipment; 
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electrical  fundamentals  and  circuit*;  refirigeration  principles,  controls,  and 
accessoriri^;  domestic  and  conunercial  refrigeration  units  and  systems;  water  testini^ 
treatment;  refrigeration  controls  and  systems;  technical  publications;  common icationes 
security;  and  an  introdiaction  to  'Ir  Force  management  and  training  programs. 

The  established  sequence  of  instruction  hais  proven  to  be  very  effective  oy^^r  a  long 
period  of  course  conduct.     Many  students  have  corapJ.eted  the  course  successfc     '  in  its 
present  form.     You  can  also  successfully  cOTiplete  it.     It  will  require  much     i^'ort  on 
your  part,  but  then  anything  worthwhile  requires  effort.     Then,  after  graduavion  from 
this  course,   some  of  ^ou  will  be  selected  to  go  to  a  follow-on  course  in  cryogenics 
taught  at  Chanute  AFB  before  you  report  to  your  assigned  organization. 

STUDENT  RESPONSIBIL'TXES 

Uniform  for  Attendance  and  Military  Appearance 

The  uniform  worn  to  school  is  prescribed  by  the  base  commander  in  accordance  with  AF 
regulations.     Your  uniform  will  consist  of  fatigues  (long  or  short  sleeves),  fatigue 
caps,  and  brogans.     Your  squadron  vill  be  notified  by  the  commandant  of  trooi^s  on  a  daily 
basis  of  any  change  of  wearing  apparel.     All  students  will  have  clean,  pressed  fatigues, 
shined  shoes,  and  be  well  groomed.     Any  discrepancies  noticed  by  the  instructor  will  be 
reported  to  the  supervisor  for  corrective  action. 

Training  Schedule 

A  schedule  of  the  training  activities  will  be  explained  by  yo\sr  instructor.     To  pro- 
vide the  best  practical  learning  situation,  the  minimum  instructional  period  is  30 
minutes;  the  maximum  time  period  for  classroom  activity  where  you  are  required  to  sit 
continuously  is  60  minutes?  and  for  laboratory  (performance)  activity,   100  minutes. 

Breaks 

Break  schedules  are  posted  on  each  classroom  bulletin  board.     Your  instructor  will 
dismiss  you  for  breaks  and  designate  the  outside  break  area.     Your  instructor  will  also 
designate  an  inside  break  area  during  inclement  weather.     All  students  must  leave  class- 
rooms for  +:he  entire  break  period. 

Facilities  are  provided  enablin*:;  you  to  buy  gum,  candy,  beverages,  etc.     In  order  to 
minimize  fire  hazara,  your  cigeratte  butts  will  be  j  laced  in  butt  cans  (painted  red)  and 
trash  placed  in  t>roper  containers.     Each  student  is  responsible  lor  keeping  the  break 
area  clean. 

ce  sure  to  stay  in  the  designated  break  area  during  break,  do  not  loiter  on  sicn*- 
war     or  in  front  of  doors  and  be  certain  to  obey  all  posted  signs  and  follow  tho 
direc^:ions  of  the  break  monitor.     Most  of  all,  be  su  ;e  and  take  your  break — leave  the 
classroor  and  relax. 

Cleanup  Pejponsibilities 

All  areas  of  instruction  must  be  kept  clean;  therefore,  it  will  be  each  student's 
responsibility  to  perform  the  cleanup  assigned.     During  your  tour  of  the  course 
instructional  areas,  your  in6*-.ructor  will  have  shown  you  where  all  cleaning  supplies  and 
utilitlcito  are  located.     The  authorized  cleanup  time  is  10  minutes  prior  to  dismissal.  To 
do  a  good  job,  cooperation  and  expediency  are  mandatory  of  all  personnel. 

Study  Notebook 

Z'UiB  very  importr?.T?t  item  in  your  continuing  education  and  training  must  be  devel  jped 
and  maintained  by  yoii      No  one  else  can  make  an  effective  notebook  for  you. 

Like  almost  everything  else  worthwhile,  making  a  good  notebook  taket/  time  and  work. 
Perhaps  you  can  develop  a  very  good  method  for  yourself.     One  effective  method  is  for  you 
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to  study  your  study  guide  assignment  and  make  an  outline  of  the  major  topics  and 
subtopics,  jotting  down  items  which  looX  important  to  you.     This  should  be  an  informal 
form  to  begin  with.     After  revievdng  your  study  guide  assignment  and  your  rough  notes, 
you  ohould  be  prepared  to  participate  in  the  classroom  d^t.«cussion  of  the  subject. 

During  the  classroom  discussion,  you  should  correct  your  materiaU.  as  required  and 
add  the  importnat  items  identified  by  the  instructor.     You  should  also  add  to  these  notes 
during  your  performance  exercises.     Make  sure  you  get  down  all  the  key  elements  from  the 
training  literature  and  from  the  instructor's  discussions.     This  is  the  material  you  need 
for  good  course  grades  and  satisfactory,  performance  in  the  field. 

RELATIONSHIP  OF  GRADUATES  PERFORMANCE  TO  AIR  FORCE  MISSION 

The  modern  refreigeration  and  cryogenics  technicietn  must  be  a  well- trained  and 
highly-skilled  person.     In  civilian  life,  he  or  she  is  a  well-paid  person.     You  have  been 
fortunate  in  having  been  selected  to  become  this  type  of  technicietn.     It  is  important  to 
you  to  study  and  work  hard  to  take  advantage  of  your  opportunity.     We  will  help  you  as 
much  as  possible;  howver,  it  is  up  to  you  to  take  care  of  your  future.     So  work  with  us 
and  together  we  will  succeed* 

BENEFITS  OF  CCAF 

The  American  Council  of  Education  receives  copies  of  the  training  control  documents 
for  the  course  you  are  in,  and  all  other  courses  of  this  type.     They  have  evaluated  these 
control  documents  and  have  arrivod  at  the  academic  credits  v^ich  can  be  grant^^d  for 
successful  ccurse  completion.     The  number  of  semester  hours  for  your  course  is  now  being 
established  by  t.He  Community  College  of  the  Air  Force.     By  the  time  you  leave  the 
service,  you  will  be  able  to  apply  a  definite  number  of  semester  hours  credit  to  a 
related  field  of  study  at  most  educational  institutions.     As  a  rough  estimate,  it  appears 
you  can  get  somewhere  in  the  neighborhood  of  15  semester  hours  credit  for  successful 
cor.rae  completion. 

TYPES  AND  US.^  OF  INSTRUCTIONAL  MATERIAL 
X:?  orrie-    for  you  to  participate  actively  throughout  the  course,  you  will  be  provided 

St  udy  C^u;.^4  3 

These  contain  detailed  ijiformation  on  subjects  being  covered  throughout  the  course. 
You  will  be  giv       study  assijnments  to  complete  outside  classroom  periods. 

Wi- '  kbooks 

These  contaxn  work  projects  which  you  will  complete  in  the  classroow^  or  in  training 
areas  where  the  equipment  is  located. 

Programmed  Instx jccion  Packages/Texts 

These  books  are  a  totally  new  end  scientific  approach  to  learning*  Programmed 
Instruction  Packages  (PIPs)  are  a  cop.Mnrition  of  study  guides  and  workbooks  v»*iich  require 
student  response  throughout.     We  th*:;>  you  will  enjoy  this  new  way  of  learning. 

Study  quide/workbook  is  a  combination  study  guide  workbook  which  will  be  used  to 
admii  l-^  r  the  directed  study  in  this  course. 

STUDENT  PROGRESS  POLICIES 

The  course  is  based  on  a  series  of  "iriterion  wbji2ctives.     Each  criterion  objective 
is  satisfied  by  completing  a  series  of  teaching  :->L^ps»     A  brief  explanation  of  criterion 
objectives  and  teaching  stepj  follows: 
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criterion  Objectives 


^  criterior.  objective  is  defined  as,   "The  specification  of  the  behavior  Which  leads 
to  or  satisfies  a  job  performance  requirement  or  standard."     Simply  stated,   for  each 
element  of  training  which  yuu  roust  successsf ully  accomplish  in  this  course,  there  will  be 
a  criterion  objective.     You  must  accomplish  all  of  these  criterion  objectives.  The 
instructor  or  supervisor  will  certify  your  accomplishment  of  criterion  objectives  on  a 
Criterion  Checklist  as  you  progress  through  the  course.     This  is  a  Progress  Check.     He  or 

she  must  document  all  criterion  objectives  as  being  satisfactorily  attained  prior  to  

adminietering  a  measurement  test  at  the  established  test  point.     You  cannot  be 
administered  a  measurement  test  for  ar  ^  ancement  to  the  next  block  or  unit  of  instruction 
until  you  have  accomplished  a:     the  criterion  objectives  for  the  unit  in  which  you  are 
assigned.     Additional  instruction  will  be  provided  if  you  need  it;  hard  work  and  study  on 
your  part  are  very  important. 

Measurement  Tests 

The  Measurement  Test  is  an  objective  type  written  test  designed  to  measure  knowledge 
as  applied  to  special  tasks.     It  is  used  to  provide  a  permanent  record  of  your  progress 
and  .cvi-..'!mant  in  the  course.     The  measurement  tests  you  are  administered  may  contain 
froir.        w  >o  individual  test  items,  usually  in  multiple-choice  form.     Remember,  your 
acccvr.     ..ent  of  these  measurement  tests  will  go  on  your  oermanent  course  attendance 
recorw      Do  the  very  best  you  can  to  make  good  grades.  is  well  worth  the  effoiw. 

Written  instructions  will  be  furnished  you  at  the  beginning  of  each  test  period. 
Read  these  instructions  carefully,  they  affect  YOUR  future. 

Questions  missed  on  each  t«st  will  be  reviewed  (critiqued)  by  the  instructor  and 
class  to  help  you  identify  mistakes  you  made  during  testing.     During  these  critiques,  you 
will  not  be  permitted  to  make  notes  as  the  rules  for  protection  of  measurement  tests  are 
very  strict.     You  will  be  informed  of  your  test  scores  as  soon  as  possible  after  the  test 
period.     You  probably  won't  fail  any  tests,  but  if  you  should,  you  will  be  given 
additional  instruction  and  will  be  retested,  or  washed-back  to  repeat  the  unit  of 
instruction. 

Special  Individualized  Assistance 

Remedial  instruction  is  provided  to  give  extra  help  to  students  in  learning  course 
luaterial.     If  instruction  on  a  particular  subject  i./i't  clear,  you  may  voluntarily  ask 
your  Instructor  to  be  placed  on  remedial  instruction.     Remedial  instruction  may  also  be 
compulsovy  -hould  you  have  failinc{  daily  quiz  scores  or  if  your  instructor  thln^ft  voy 
need  ext::a  s*-udy. 

When  attending  remedial  study,  your  instructor  will  give  you  two  special     •  uc^y 
assignment  forms.     A  copy  of  the  special  study  form  is  presented  to  your  squadro;-. 
training  nCO.     The  original  is  kept  by  you  and  given  to  your  instructor  when  remedial 
instruction  is  completed. 

The  classroom  instructor  will  inform  you  of  the  time,  dates,  and  location  of  your 
remedial  instruction.     You  will  be  assisted  during  this  study  time  by  an  instructor,  or 
instructors  so  as  to  improve  your  daily  quiz  scores  <xrid  block  grades. 

Proficiency  Advancement 

This  is  a  program  to  allow  you  to  be  tested  on  any  portion  of  the  course  in  which 
you  have  already  had  training  or  experience.     In  other  words,  it  isn't  economically  sound 
to  take  up  your  time  training  you  i;i  a  subject  in  which  you  are  already  proficient.  If 
you  should  identify  a  block  in  the  course  which  contains  material  for  which  you  have  had 
good  training  and  for  which  you  feel  you  can  pass  the  teste,  you  should  apply  fo' 
proficiency  advancement.     If  you  pass  all  the  requi-ed  tests,  you  can  bypass  these 
materials  and  graduate  ahead  of  your  class. 


EKLC 


1-4 


School  Grading 


The  two  types  of  measurement  you  %#i.U  be  subjected  to  are  the  erion  Progress 

Check  and  the  Measurement  Test.     Since  you  must  complete  all  criterion  objectives  for  a 
unit  of  instruction  prior  to  being  administered  th^.  measurement  test,  the  instructor  will 
perform  a  continuing  assessment  of  your  progress  in  accomplishing  the  criterion 
objectives.     He  or  she  will  observe  your  performance  activities,  insure  that  you  complete 
all  workbooks,  and  may  give  you  phort  written  quizzes  to  satisfy  him  or  herself  that  you 
have  accomplished  each  criterion  objective.     Upon  the  instructor's  satisfaction  with  the 
results  of  these  criterion  progress  checks,  he  or  she  will  certify  on  the  criterion 
Ibecklist  that  you  have  accomplished  the  criterion  objective  in  question.     When  you  have 
completed  all  criterion  objectives  in  a  given  unit  or  block  of  instruction,  he  or  she 
will  certify  that  you  are  ready  for  the  measurement  test. 

If  you  should  fail  a  test,  the  instructor  or  supervisor  will  discuss  the  failure 
with  you  and  will  counsel  you  on  the  best  action  to  take.     During  these  counseling 
sessions,  remember  that  the  instructor  or  supervisor  is  interested  in  your  problms.  He 
or  she  has  nothing  against  you  and  is  only  trying  to  arrive  at  the  solution  to  whatever 
the  problem  was  that  caused  you  to  fail.     Be  honest  witl-,  him  or  her  and  discuss  your 
problems.     The  discussion  will  benefit  both  of  you. 

Once  you  fail  a  test,  three  avenues  are  open:     probationary  continuation,  washback, 
or  elimination.     if  you,  the  instructor,  and  the  supervisor  feel  that  you  are  able  to 
accomplish  the  materials  in  which  you  failed  and  at  the  same  time  acquire  the  materials 
in  the  next  block,  the  instructor  will  recommend  you  for  the  probationary  continuation. 
During  this  probationary  period,  you  will  be  given  remedial  (extra)  instruction  outside 
of  normal  class  hours.     Upon  completion  of  the  periods  of  remedial  instruction,  you  will 
be  ret^sted  and  if  you  pass  you  will  continue  in  the  new  block. 

If  you  should  fail  your  retest,  the  second  option  of  washback  will  raost  likely  be 
used.     In  this  case,  you  will  be  washed-back  to  a  class  behind  you  to  repeat  the  block  in 
which  you  failed  to  make  passing  grades.     Upon  failing  to  pass  the  test  after  repeating  a 
block,  or  upon  one  or  more  washbacks,  you  mey  be  considered  for  elimination  in  your  best 
interest  or  in  the  best  interest  of  the  A3.r  Force.     Remedial  instruction  is  available  to 
help  you  avoid  the  possibility  of  washback  or  elimination. 

STUDENT  RECOGNITION  PROGRAM 

The  honor  graduate  is  a  program  designed  to  reward  those  students  who  have 
deomonstrated  outstanding  academic  performance.     in  ehort,  it  is  a  prosiram  which  allows 
^or  special  recognition  of  those  students  who  really  apply  themselves  to  acquiring  as 
much  benefit  as  possible  from  technical  training. 

The  program  provides  that  approximately  the  top  10  percent  of  graduates  from  a 
rrur*^o  in  a  year  will  be  designated  as  Honor  -r- .     to  qual:.fy  for  the  Honor 

graduate  award  you  must  of  course  complete  the  .       je  with  a  high  average  course  grade. 
In  addition,  you  must  have  maintained     .   -      llent  record  o£  conduct  in  both  the  school 
and  t-HQ  squfriron.     Students  w  o  have  v  .  i-ii'       ack,  or  who  have  been  allowed  to  continue  on 
a  probationery  basis,  due  to  academic  .^if iciCiicies ,  are  not  eligible  to  compete  for  Honor 
graduate.     Also^  personnel  who  violate  the  established  rules  of  good  conduct  will  not  be* 
considered . 

Those  student;*?  who  earn  the  Honor  Graduate  designation  are  awarded  a  Honor  Graduate 
Certificate.     This  special  recocnition  certificate  is  signed  by  both  the  Group  Commander 
and  the  School  Commander.     it  is  a  certificate  you  will  be  proud  to  receive  since  it  will 
Jreflect  your  very  own  efforts.     While  the  instructors  are  required  to  provide  vou  the 
best  possible  instruction,  the  grades  required  to  bee       a  Honor  Graduate  can  only  be 
achieved  by  you.     Your  efforts  alone  are  lewrded  when  ^.  ou  are  designated  a  Honor 
Graduate.     The  certificate  will  be  a  visible  recognition  of  the  high  performance 
standards  you  have  maintained;  however,  your  extra  efforts  in  accomplishing  the  course 
objectives  to  the  ^'ery  best  of  your  ability  will  also  result  in  your  being  a  better 
trained  opecialist.     These  extrii  efforts  will  serve  you  well  during  your  tour  or  career 
in  the  Air  Force,  and  throughout  the  rest  of  your  life.     Do  your  best  to  maintain  vne 
very  highest  of  performance  standards.     Do  this  for  us  and  ^Iso  for  you. 
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EFFECTIVE  STUDY  TECHNIQUES 

Study  SXills 

o4=  i^t  ^"f^  amount  of  study  is  required  to  complete  any  course  with  a  good  understanding 
of  its  content.     This  is  usually  a  problem  for  many  of  us  since  we  really  don't  know  how 
to  study  effectively.     To  help  you  oveicome  this  drawback,  a  copy  of  Air  Training  Command 
programmed  text  will  be  furnished  to  you.     nHs  prograimned  textfATC  Progrl^ed  ?eS 

^1  '  """^^  ^®  completed  by  you.     It  will  do  you  more  good  than  you  can 

possibly  imagine,   so  be  sure  you  complete  it  as  assigned  by  the  instructor.     Also  have 
your  instructor  check  it  for  correct  completion. 

PRCXIEDURES  FOR  SHELTER  EXERCISES 
AND  FIRE  EVACUATION  PLAN 

loi-^n^w''^  r^''il!^^°"  ^^^"^  ^^^""^  procedures  are  posted  in  each  classroom  on  the  bul- 

lo^atiSn?  instructor  will  brief  you  on  evacuation  procedures  and  reassembly 

for  ^r?/''^^''''''^^  will  alBo  brief  you  on  the  alert  signals  used  in  storm  warnings  and 
for  drills  required  by  simulated  or  actual  attacks  b.  enemv  forces.     He  or  she  will 
inform  you  of  the  actual  location  of  your  designates"  fallout  shelte^r  and  the  evacuation 
procedures  to  be  used.     To  reinforce  what  hf;  or  she  tells  you,  loc«.te  alert  warning  pro- 
cedures  on  your  school  and  squadr^.n   bulletin  ooards  and  become  familiar  with  the  required 
procedures.     Do  this  before  you  need  to  use  the  procedures.     While  we  are  face  to  face 
Be  preparS°  ^^^"^'^^        ^  attack  is  a  poor  time  to  have  to  study  the  fine  print. 

.STUDENT  CRITIQUE  PROGRAM  AND  IT'S  OBJECTIVE 

Air  Training  Command  regulation  (aTCR)  52-29,   Student  Critique  Program,  provides  the 
guidance  and  instructions  for  administering  tYis  prog  Lain. 

The  regulation  lists  t^e  objective  of  this  program  as,   "The  student  critique  pro- 
gram was  established  to  obtain  from  students  constructive  criticism  of  training,  the 
tr;;  >,ning  environment,   and  base  support  facilities  and  services." 

You  can  see  why  a  program  of  this  type  is  necessary.     We,  who  work  in  th*;  day 
in  and  day  out,  know  how  the  school  looks  to  us.     Unless  you  tell  us  on  you 
fcrm  we  will  not  know  how  it  looks  to  you.     The  overall  policies  for  the  c-  -Am 
are  generally  ap  follows:  ' 

  You  are  required  to  be  briefed  on  the  critique  proaram.     Thit  st^.^        ide  will 

provide  some  of  this  briefing. 

  You  will  receive  specific  instructions  upon  being  presented  the  end  of  the 

course  critique  forms.     Generally,  critiques  are  submitted  by  you  on 
graduation  day;  however,  you  may  submit  one  any  time  you  identify  a  need  to  do 
so. 

^   You  do  not  absolutely  have  to  identify  yourself  on  the  critique  form,  but  you 

are  encouraged  to  do  so.     You  can  submit  a  signed  critique  without  fear  of 
prejudice  or  reprisal.     We  are  interested  in  obtaining  your  constructive 
comments,  don't  hesitate  to  put  them  down  and  put  your  name  on  the  form. 

  may  make  changes  to  your  critique  form  before  you  submit  it;  however,  no 

alterations  may  be  made  after  you  submit  it. 

  Your  coimnents  are  not  disclosed  to  other  students.     They  are  entitled  to  their 

judgments  of  the  course  as  well  as  you. 

  Your  ciitiques  are  reviewed  by  personnel  responsible  for  all  aspects  of  the 

training  program,  often  we  find  that  students  identify  things  which  we  may 
have  overlooked.  ^ 
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Your  critique  of  the  echool  and  trainlri^  program  vill  include  your  appraisal  ai  to 
the  effectiveness  ofi       Instruction,  Individual  Assin^t.ance,  Training  Methods,  Training 
Literature,  Visual  Aids,  Training  Equipment,  Writ.v.en  aid  Practical  Tests^  Classrocxn  and 
Training  Area,  and  an  Overall  Evaluation  of  the  Course »     To  vraha  ^ure  you  are  in  a  posi- 
tion to  make  w-orthwhile  comments  to  these  elementfi  o<  thu  trftinin-g  program,  you  may  want 
to  keep  notes        whe  end  of  each  block.     If  you  kee|i  :^U-b  fivr^  every  block  of  instruc- 
tion, you  can  simply  review  your  notes  and  compi*v r"  -  :v<UA-cf- course  c-itique. 
Remember.^  we  i.re  concerned  with  constructive  cotm^^cith      ich      '  be  ixsecl  to  improve 
training • 

In  addition  to  the  training  critiques,  you  will  ZMx^L  nie  a  fonn  :5«alin<^ 

base  facilities  and  services.     The  base  commander  reviews  for  id-jas  in  ir^.pioving 

the  base  services.     This  critique  will  cover  such  items  Hall,  Club,  Recreation, 

Base  Services,   Security  Police,  Base  Tr2msp:jrtation,  Mail,  AOi'-inistration  (pay,  etc.). 
Medical,  and  again  an  Overall  Evaluation. 

So,  once  again  keep  in  the  notes  you  need  as  you  go  through  our  course  and  at  the 
end  give  us  a  critique  which  will  be  of  assistance  in  improving  the  training  for  others 
^ho  come  after  you  are  gone.    We  will  appreciate  your  help. 

CONSERVATION 

You  will  be  required  to  be  very  saving  with  the  training  material, 
training  equipment  and  other  resourses.     In  this  time  of  high  prices 
and  short  money,  waste  cannot  be  tolerated  at  any  level.     If  you  see 
an  area  wher^  waste  is  occuring,  notify  your  instructor  or  instructor 
supervisor  immediately, 

DISPOSITION  OF  ELIMINE.SS 

Elimination  is  one  aspect  of  your  Air  Force  experience  that  we  don't  like  to  think 
about.     Most  of  us  have  a  strong  desire  to  successfully  complete  any  undertaking  we 
begin.     The  same  way  with  the  coarse  in  v^ich  you  have  been  enrolled.     It  ie  of  course  to 
your  vary  best  interest  to  work  as  hard  as  you  cetn  to  cc»nplete  the  course.     It  should 
become  a  matter  of  pride  to  be  successful  in  your  undertaking. 

If  you  should  fail,  after  all  the  efforts  you  and  the  instructors  put  forth,  you 
would  mc  .t  likely  be  reassigned  to  a  career  field  with  lower  entrance  Acquirements  and 
one  which  is  less  technical.     Also  you  probably  would  not  get  a  chance  to  attend  the 
technical  school  for  that  career  specialty.     You  most  likely  would  receive  a  direct  duty 
assignment  to  the  field  to  learn  the  specialty  by  on-the-job  training  (OJT).     All  this 
is,  of  ourse,  if  you  fail  the  course  you  are  now  in  through  no  fault  of  your  own. 

If  you  should  fail  and  the  elimination  board  determined  it  to  be  your  fault  by  your 
not  applying  yourself  or  by  other  unsatisfactory  action  on  your  part,  you  could  receive 
disciplinary  action.  As  we  said  before,  this  is  an  aspect  vfe  don't  like  to  talk  about,  so 
just  apply  yourself  and  don't  fail. 

TOY  PERSONNEL  PROCESSIcvG 

The  instructor  will  provide  the  specific  procedure  for  TOY  personnel  to  process  in 
and  out  cf  the  base. 

SUMMARY: 

It  has  been  our  aim  ..n  this  study  guide  to  tell  you  a  lit.^ie  about  our  school.  We 
hope  we  have  made  a  good  impression  on  you  and  hope  that  you  can  understand  the  import- 
ance of  your  position  in  the  Air  Force. 
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3770  Technical  Training  Group 
(Civil  Engineering  Training) 
Sheppard  Air  Force  Base,  Texas 
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CIVIL  ENGINEERING  ORGANIZATION  AND  SAFETY 

OBJECTIVE 

This  portion  of  the  study  guide- workbook  will  introducer  you  to  the 
mechanical/ electrical  career  field,  progression  in  your  career  ladder,  and  duties  of  your 
AFSC's  skill  level.     You  will  become  acquainted  with  the  AF  Occupational  Safety  and 
Health  (AFOSH)  program,  and  you  will  be  presented  with  some  first  aid  procedures  yo^;  may 
need  during  the  course  of  your  wrk  in  Refrigeration  and  Cryogenics. 

INTRODUCTION 

Materials  prsented  in  this  section  will  cover  the  following  topics: 

o  Civil  Engineering  Mission  and  Orgemization 

o  Mechanical/electrical  Career  Field 

V*  Progression  in  Career  Ladder 

o  Duties  of  the  AFSC's  Skill  Level 

o  AFOSH  Standards  for  AFSC  545X0 

o  Hazards  of  AFSC  545X0 

o  Occupational  Health  Training 

o  Hazard  Reporting  and  Abatement 

o  Mishap  reporting  and  Investigation 

o  Individual  Responsibilities  to  the  AFOSH  Program 

o  First  Aid  r,"ocedures  for: 

Electrical  shock 
Controlling  bleeding 
Traumatic  shock 

Heat  exhaustion  and  heat  stroke 


CIVIL  ENGINEERING  MISSION  AND  ORGANIZATION 

The  primary  mission  of  civil  engineering  activities  is  to  acquire,  construct  and 
maintain  and  operate  real  property  facilities,  and  provide  related  management, 
engineering  and  other  support  work  and  services. 

Organizational  structure 

BfSae  civil  engineering  responsibilities  are  specifically  spelled  out  by  Air  Force 
regulations,  but  major  commands  are  authorized  to  make  minor  changes  in  the 
organizational  structure  to  lit  the  needs  of  a  particular  base.     Figure  1  illustrates  th'i 
organizational  structure  of  a  oa se  civil  engineering  unit. 

The  organization  is  headed  by  an  officer,  usually  a  professional  engineer,  who  is 
designated  as  the  base  civil  engineer.     The  BCE  is  responsible  for  the  overall  planning, 
directing,  supervising  and  coordinating  of  all  civil  engineering  activities  on  the  baso 
to  which  he  or  she  is  assigned.     Next  in  line  is  the  deputy  SCR,  who  may  be  either  a 
military  officer  or  a  civilian. 
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The  BCifl  organisation  is  divided  into  six  divisions  am  iA:  ladron  section.  The 

squadron  section  and  each  of  the  main  divisions — financial  ^^-tia^sfei^^.rtt.,  industrial 
engineering,  family  housing  management,  operations,  enginee  ^td  environmental 

planning,  and  fire  protection — are  directly  subordinate  to  the'sCE.  The  divisions  are 
subdivided  into  brancht^s  and  individual  shops. 
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CARBER  FIELD 


To  effectively  .ilish  the  miss • jn  of  national  defsnae,  the  Air  Force  has  grouped 

the  many  jobs  and  dut.       involved  into  '  -'^  different  career  fields,     sorce  of  these 
career  fields,  or  personnel  in  some  of  tn^^se  career  fields,  take  care  of  food  service 
activities,  pay,  tra:;sporta^ion,  personnel  records,  aircraft  raainttenance,  communications, 
and  many  other  functions  necessary  to  US/iF  mission  accomplishment • 

You  have  been  assigned  into  one  of  the  career  fields  %*hich  support  Air  Force  civil 
engineering  activities.     Air  Force  civil  engineering  has  the  responsibilities  for  the 
procurement,  operation,  and  maintenemce  of  base  property  in  general.     This  property 
includes  land  (grounds);  roads,  buildings,  water  supply,  sewage,  electrical, 
air-conditioning  and  heating  systems,  air  field  runways  and  runway  lighting  systems,  and 
to  make  it  a  safe,  healthful  place  to  work.     The  three  career  fields  which  are  regarded 
as  civil  engineering  career  fields  are  the  mechanical/electrical  (one  you  are  in)  the 
construction,  and  the  sanitation  career  fields. 

Mechanical/Electrical  Career  Field  (54) 

This  career  field  in  which  you  are  now  assigned  include©  ^"He  specialties  responsible 
for  the  installation  and  maintenance  of  equipment  and  systems  ■/ti^.rh  are  considered  to  be 
primarily  electrical  and  mechanical.     The  specialtiis/r  withia  t}>4.5  fisld  include 
electrician,  electric  powerline,  electrical  power  'vr-  '  ^ctioi     refrigeration  and 
cryogenics  (yours),  liquid  fuels,  heating,  and  CE  .  >ls  ayst<!ms.     The  54  career  field 

is  by  far  one  of  the  more  interestii  g  career  field;;»  i.  Which  to  be  assigned. 

The  above  general  summary  of  civil  engineering  career  fielr»s  has  been  given  so  that 
you  will  have  knowledge  of  other  specialties  in  civil  engineering.     The  details  of  your 
very  own  career  field  will  be  provided  you  in  a  programmed  text.     You  will  be  issued  this 
programmed  text — 2TPT-9039-01,  Civil  Engineering  Mechanical/Electrical  Career  Field  (54), 
for  your  completion.     Be  sure  you  complete  it  and  have  your  instructor  check  it  for 
correctness.     Your  success  in  any  field  of  accomplishment  depends  upon  your  undex standing 
of  what  that  field  consists  of.     The  programmed  text  also  outlines  the  skill  .levels  and 
grades  you  will  attain  as  you  progress  in  your  career  field;  however,  we  need  to  go  into 
some  further  details  of  your  very  own  career  specialty  and  the  actual  mechanics  of  the 
Air  Force  career  ^^rogrestion  program. 

Refrigeration  and  Cryogenics  Specialty 

T^li8  specialty  in  which  you  are  assigned  is  one  ladder  of  the  54  career  field  as  you 
will  discover  when  you  accomplish  the  programmed  text.     Your  specialty  requires  you  to  be 
proficient  in  the  installation,  modification,  operation,  and  maintenance  of  refrigeration 
and  cryogenics  systems  and  components.     The  details  of  the  knowledges  and  skills  required 
are  contained  in  a  specialty  somF^iy  contained  in  Air  Forces  Regulation  39-1,  Airman 
Classification  Regulation.     A  copy  of  th«  specialty  sumr.^.ry  ie  included  here  so  that  you 
will  understand  the  full  scope  of  your  specialty.     You  will  note  that  the  specialty 
summary  is  for  both  the  3-  and  5-s)cill  levels.     You  will  serve  as  an  apprentice  in  these 
jobs  as  a  3  level,  then  do  the  entir*  job  yourself  when  you  reach  the  5  level.     As  a 
5-level  specialist,  you  will  also  be  responsible  for  assisting  new  3-level  personnel, 
those  who  come  along  aftev  you.     Help  them  as  much  as  you  can,  remembering  all  the  people 
who  helped  you.     studv  tke  following  specialty  summary  carefully.     it  reflects  your  job 
for  the  next  several  years t    A  Very  Interesting  and  Important  Job. 
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AFSC  54550 
Semisilcilled  AFSC  54530 
Helper  AFSC  54510 

AIRMAN  AIR  FORCE  SPECIALTY 
REFRIGERATIOU  AND  CRYOGENICS  SPECIALIST 
*1.   SPECIALTY  SUMMARY 

Installs,  operates,  roaintains,  modifies,  and  repairs  refrigeration,  all  types  of  air 
condxtioning,  cryogenic  fluid  production,  storage  tanks  at  production  facilities, 
evaporative  cooling,  air  compressing,  ind  ventilation  equipment,  plants,  and  systems, 
including  portable  units  other  than  Aerospace  Ground  Equipment  (AGE), 

*2.  DUTIES  AND  RESPONSIBILITIES 

a.     Installs  refrigeration,  air  conditioning,  ventilation,  ai-   handling  and 
cryogenic  fluid  production  systems  and  related  control  systems  and  equipment,  Align&, 
adjusts  and  serevices  components  and  equipment  such  as  comprereors;  condensers;  electric 
motors;  gasoline  and  diesel  engines;  centrifugal  refrigerating  machines;  steam  and  gas 
absorption  refrigeration  plants,  heat  exchangers;  heat  pumps;  expanders;  evaporators; 
regulators;  fans;  pumps;  tubing;  ducts;  electrical  wiring  harnesses;  sensing  and 
switching  devices  of  direct  ^nd  indirect  expansion  systems;  and  cryogenic  fluids 
production  systems.     Shapes,  sizes,  and  connects  tubing  and  components,  using  special 
bending,   flaring,  and  coupling  tools  and  oxyacetylene  torches  for  soldering  and.  brazing, 
connects  and  adjusts  refrigeration  and  cryoge*iic  fluids  production  equipment  to  source  of 
power.     Conducts  tests  of  installed  equipment  for  proper  assembly  of  components  and 
compliance  with  technical  orders,  manufacturer's  handbooks,  and  local  procedures. 


aenic 


b.     Operates  and  maintains  refrigeration,  air  conditioning,  ventilation,  cryog^ 
fluid©  production,  and  storage  tanks  at  production  facilities  and  related  control 
systems,  and  cryogenic  plants  and  associated  equipment  for  production  of  gaseous  and 
liquid  nitrogen.     Actuates  mecheinicai  and  electrical  controls  to  start  and  adjust  output 
of  power  source  engineer  and  motors  and  plztce  systems  in  operation.     Observes  and 
interprets  temperature  and  pressure  gauges  and  recorders,     ^3 justs  manual  and  automatic 
controls  to  produce  requirea  refrigeration  and/or  flow  of  refrigeration  or  cryogenic 
fluids.     Services  cora^.^nents  such  as  electric  motors,  compressors,  valves,  and  moving 
mechanical  parts  with  appropriate  lubrication.     Disassembles,  cleans,  and  reassembles 
such  ccanponents  as  ruptured  disks;  safety  valvets;  automatic  valves;  hand-operated  valves; 
air  compresssor  valves;  pistons;  bearings;  cylinder  heads;  connecting  rods;  pumps; 
pressure  gauges;  liquid  level  gauges;  heater  elements;  and  moisture,  oil,  and 
sedimentation  traps,  filters,  and  strainer  assemblies.     Performs  preventive  maintenance 
of  systems  components.     Detects  scale  and  corrosion  by  making  tests  for  pH,  phosphates, 
and  total  dissolved  solidB  and  applies  preventive  treatment.     Applies  precautionary 
procedures  required  in  handling  refrigerant  gases  and  cryogenic  fluids  and  associated 
chemicals  and  in  maintaining  high  pressure  lines  and  components.     Defrosts,  performs  blow 
downs,  and  sets  cryogenic  plant  valves  for  storage.     Cleans,  dries,  purges,  and  degreases 
charging  lines,  charging  manifolds,  storage  cylinders  and  tanks,   filling  hore^,  tank 
connections,  and  all  othur  cryogenic  equipment  to  insure  remc/al  of  combustible 
materials.     Charges  and  stores  cylinders  and  storage  tanks  with  gaseous  products  and/ or 
cryogenic  fluids.     Maintains  inspection  and  maintenance  records.     Records  gauge  readings 
and  other  pertinent  data  in  equipment  performance  lr;gs.     Furnishes  information  required 
for  unsatisfactory  reports  and  recommends  changes  t,o  correct  defective  equipment  or  to 
i.iprove  operating  procedures. 

c.     Identifies  problems  and  trr ubleshoots  refrigeration,  all  types  of  air 
conditioning,  and  cryogenin  fluids  production  and  associated  equipment.     Mixes  solutions 
and  maintains  quality  contrv:^l  of  oxygen  and  nitrogen  products.     Analyze©  and  isolates 
systems  malfunctions.     Tests  pressure  and  temperature  of  refrigeration  and  distribution 
systems,  using  pressure  gauges,  recorders  and  thermometers.     Analyze  pressure- temperature 
relationship;  determines  presence  of  noncondensible  gases  and  removes  by  purging  or 
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evacuating •    Tests  systems  operation  and  purity  and  purging  or  evacuating.    Tests  systems 
operation  and  purity  and  detects  component  malfunctions  using  test  equipment,  isolates 
electrical  malfunctions  by  use  of  test  equipment.    Removes,  repairs,  and/or  replaces  sys- 
tems components  or  component  parts.     Performs  operator  and  minor  maintenance  on  engines 
and  electric  motors.     Solders  joints  and  repacks  or  replaces  valves.     Cleans,  dries, 
purges,  and  recharges  components  and  lines  with  appropriate  refrigerants  and  fluids. 
Checks  installed  safety  devices  for  operation.     Performs  inspections  and  purity  control 
measures  as  required  by  applicable  technical  orders. 

d.  Maintains  tools  and  equipment.     Cleans  and  uses  common  tools,  special  tools,  and 
testing  devices  used  in  analysis  *and  maintenance  of  refrigeration  and  cryogenic  fluids 
production  systems. 

e.  Supervises  refrigeration,  air  conditioning,  and  cryogenic  fluids  production  per- 
sonnel.    Conducts  on-the-job  training.    Assigns  work  and  reviews  completed  repairs  for 
compliance  with  local  procedures,  safety  procedures  and  applicable  technical 
publications.     Instructs  subordinates  in  techniques  and  procedures  for  functions  such  as 
installation,  operation,  inspection,  maintenance  handling,  storage,  and  repair  of 
refrigeration,  air  conditioning,  and  cryoqenic  fluid  production  equipment  and  cGir^ling 
systems  and  equipment.     Arranges  for  placement  of  materials  and  directs  work  when  serving 
as  crew/ shift  leader.     Evaluates  work  performed  and  informs  immediate  supervisor  of 
status  of  projects. 


3.   SPECIALTY  QUALIFICATIONS 

a.  KNOWLEDGE.     Knowledge  of  principles  of  refrigeration,  thermodynamics,  pay- 
chrome  tries,  and  mathematics  that  apply  to  refrigeration;  principles  of  chemistry  and 
physics  that  apply  to  oxygen/ nitrogen  production;  characteristics,  chemical  properties, 
and  use  of  refrigerants;  techniques  of  installation,  plant  operation,  maintenance,  and 
automation  of  refrigeration,  air  conditioning,  and  equipment  cooling  and  heating  systems; 
nomenclature,  types,  and  sizes  of  refrigeration  and  air  conditioning  systems  and  equip- 
ment; associated  electrical  materials  such  as  wire,  fuses,  and  cables;  interpretation  of 
schematic  and  wiring  diagnuas,  blueprints,  and  technical  publications;  and  safety  codes, 
practices,  and  fundamentals  of  oxygen/nitrogen  plants  and  procedures  is  mandatory. 
Possession  of  mandatory  knowledge  will  be  determined  according  to  AFR  35-1. 

b.  EDUCATION:     Completion  of  high  school  with  courses  in  general  science,  mathemat- 
ics, physics,  and  shop  mechanics  is  desirable. 

c.  EXPERIENCE.     Experience  in  functions  such  as  installing,  operating,  maintain- 
ing, and  repairing  refrigeration  or  environmental  control  equipment;  plant  opertion;  or 
in  cryogenic  fluid  production  is  mandatory. 

d.  TRAINING.     Completion  of  a  basic  refrigeration/air  conditioning  course  or  a 
cryogenic  fluid  production  course  is  desirable.     Completion  of  a  cryogenic  fluid 
production  course  is  mandatory  prior  to  assignment  to  a  cryogenic  fluid  production 
facility. 

e.  OTHER: 

(1)  A  minimum  aptitude  level  of  Electronic  50  or  Mechanical  50  is  mandatory. 

(2)  Physiceil  qualification  for  military  drivers  according  to  AFR  160-43  is 
msmdatory  for  entry  into  this  AFSC 


(3)    A  minimiom  of  Grade  1  color  vision  as  defined  in  AFM  160-17  is  mandatory. 


APOSH  STANDARDS  FOR  AFSC  545X0 


Background  Information 

Executive  order  11807^  Occupational  Safety  and  Health  Programs  for  Federal 
Employees,  tasks  each  federal  agency  to  establish  procedures  for  the  adoption  of 
occupational  safety  and  health  standards.     AFR  127-12  includes  overall  policy  and 
procedures  for  implementation  of  the  act. 

Air  Force  Occupational  Safety  and  Health  (AFOSH)  Standard  is  defined  as  a  special 
Air  Force  publication  which  prescribes  conditions  and/or  methods  necessary  to  provide  a 
safe  and  healthful  work  environment  in  AFSC •545X0. 

AFOSH  standards  are  published  as  specialized  publications.     These  standards  are 
issued  for  maintenance  in  two  volumes.    Volume  I  will  contain  standards  v^ich  primarily 
concern  occupational  safety.    Volume  II  will  contain  standards  that  primarily  concern 
occupational  health. 

Read  the  following  paragraphs,  and  be  prepared  to  discuss  them  in  class. 

While  working  as  a  Refrigeration  and  Cryogenics  Specialist,  you  will  find  this  field 
to  be  interesting  and  rewarding.     There  are  certain  hazi^rds  inherent  with  this  career 
field  that,  if  caution  and  responsible  work  habits  are  not  observed,  could  cause  injury, 
and  possibly  death.     These  hazards  include,  but  are  not  limited  to  the  following: 

o        Electric  shock 

o        High  pressure  refrigerant  lines  and  cylinders 

o        Drive  belts 

o        Phosgene  gas 

o        Liquid  refrigerant 

o  Fans 

o        Heavy  equipment 
Electric  shock 

Trouble  shooting  a  refrigeration  or  airconditioning  system  is  one  of  "he  many  jobs 
you  will  encounter,  and  one  that  you  will  spend  a  considerable  amount  o::  uxin-  doing.  If 
possible,  your  first  action  of  troubleshooting  an  electrical  circuit  should  be  to  shutoff 
the  power.     Just  shutting  off  the  power,  and  then  going  to  work  will  not  adequately 
protect  you.     While  you  are  busy  troubleshooting  the  unit,  taking  wires  -^ff,  and  putting 
wires  back  together,  what  is  to  stop  someone  from  noticing  that  the  sy^stem  is  not 
operating,  and  from  noticing  that  the  power  switch  is  turned  OFF,  and  from  turning  it 
back  on  suddenly  making  the  circuit  you  are  working  on  hot?    To  prevent  this  from 
happening  to  you,  always  hang  a  tag  or  a  note  on  the  power  switch  saying  that  you  turned 
it  OFF  and  that  you  are  working  on  the  circuit. 


Even  >^en  the  circuit  has  been  turned  OFF  and  tagged,  an  apparently  dead  electric 
Qircuit  can  still  be  energized  by  what  is  known  as  feedback.     Electrical  feedback  is  whei 
parts  of  an  open  circuit  remain  energized  from  a  connecting  circuit  that  has  not  been 
opened.     Always  check  an  open  circuit  with  a  voltmeter  to  be  sure  it  is  not  energized. 

High  Pressure  Refrigerant  Lines  and  Cylinders 

Some  of  the  systems  you  will  be  working  with  operate  at  very  high  pressures. 
Refrigerant  lines  could  be  holding  pressures  close  to  400  PSIG.     Nitrogen  lines 
(Cryogenics)  could  hold  pressures  near  3500  PSIG.     Be  sure  to  reduce  line  pressures  to  a 
safe  level  before  working  them. 
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Pressurized  cylinders,  such  as  refrigerant  cylinders  could  become  very  dangerous  i£ 
not  handled  carefully.     If  the  valve  is  somehow  knocked  off  the  cylinder,  possibly  by 
dropping  it,  the  cylinder  could  turn  into  a  pressurized  miasle,  causing  destruction  and 
injury  to  anything  or  anybody  in  its  path.     Never  heat  a  pressurized  cylinder  with  a 
torch.     To  do  so  could  cause  excessive  pressure  to  build  up. inside  the  cylinder  causing  a 
violent  expolsion. 

Drive  Belts 

Much  of  the  machinery  you  will  work  with  will  use  drive  belts  to  drive  fans, 
compressors,  and  other  uses.     These  drive  belts,  while  operating,  dre  capable  of  drawing 
loose  clothing,  or  parts  of  your  body  into  the  pulleys,  causing  extreme  injury, 
amputation,  or  even  death. 

Phosgene  Gas 

Normally  halogen  refrigerants  are  non-toxic,  ?lthough  the  vapor  will  displace  the 
oxygen  in  a  closed  environment  causing  suffocation.     When  halogen  refrigerant  vapors  come 
in  contact  with  an  open  flame,  they  form  a  poisonous  gas  called  Phosgene. 

Phosgene  gas  is  used  as  a  chemical  warfare  agent.  Exjx^sure  to  phosgene  gas  can  make 
you  very  sick.  Any  time  ycu  are  applying  heat  to  any  part  of  a  refrigeration  system,  and 
the  environment  contains  refrigeretnt  vapor,  be  sure  the  area  is  well  ventilated. 

Liquid  Refrigereuit 

Mort  of  the  refrigerants  that  you  will  be  working  with  have  very  low^ boiling 
temperatures.     R-IJ  boils  at  -22*^,  R-22  has  a  boiling  temperature  of  -41  ^  and 
R-502  boils  at  -50  ^.     (All  boiling  temperatures  are  at  atmospheric  pressure).  While 
liquid  refrigerant  is  boiling,  it  is  absorbing  heat,  and  making  the  surface  it  is  boiling 
on  very  cold.     If  the  sur*^  ce  the  liquid  refrigerant  is  boiling  away  on  happens  to  be 
your  skin,  it  could  cause  j.rostbite  (Freezing  a  part  of  the  body).     If  liquid  refrigerant 
happens  to  get  in  your  eye,  it  could  cause  blindness.     Always  wear  safety  goggles  \^en 
working  with  refrigerants. 

Fans 

Refrigeration  condensing  units  may  be  water  cooled  or  air  cooled.     If  the  units  are 
air  cooled,  they  require  a  fan.     Some  of  the  fan  blades  may  be  quite  large  physically, 
and  they  rotate  at  a  high  rate  of  speed.     Carelessness  or  loss  of  concentration  around  an 
operating  fan  could  cause  you  to  stick  a  finger  or  hand  into  the  rapidly  rotating  fan 
blade  causing  a  serious  traumatic  injury. 

Heavy  Equipment 

Occasionally  your  job  will  call  for  you  to  move  or  lift  heavy  pieces  of  equipment 
such  as  electric  motors,  large  refrigerant  cylinders,  compressors,  and  many  more. 
Failure  to  lift  properly,  or  to  get  enough  help  to  lift  could  cause  injury  to  your  back 
or  other  muscles  of  your  body.     If  a  large  piece  of  equipment  should  be  dropped  on  part 
of  you,  that  part  could  be  extensively  injured.     Be  sure  heavy  items  are  well  secured 
after  setting  in  place  so  they  won't  fall  or  roll. 

High  Intensity  Noise 

During  the  course  of  your  duties,  you  may  be  working  in  an  area  that  contains 
machinery  that  operates  with  a  noise  level  that  your  earsi  cannot  tolerate.     Exposure  to 
this  high  noise  level  for  an  extended  period  of  time  can  lead  to  loss  of  hearing  if 
appropriate  measures  are  not  taken.    Wear  ear  protection  devices  such  as  ear  muffs  or  ear 
plugs  when  working  in  a  known  high  intensity  noise  e^ea.     There  are  other  areas  of  this 
career  field  that  could  produce  hazardous  conditions  if  you  are  not  wisely  cautious  with 
your  working  habits. 
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Read  the  following  paragraph  and  be  prepared  to  di8cu5«3  them  in  class. 


Occupational  Health  TraiRin9 

Supervisors  will  give  occupatiional  health  training  to  each  newly  assigned  worker 
and  each  worker  who  has  not  previously  received  this  training.     Additional  training  will 
be  given  if  iv^quired  by  a  change  in  assig.  uient,  equipment,  procedures,  processes,  or 
standards.     Occupational  health  training  will  be  of  sufficient  length  and  depth  to  ensure 
that  workers  know: 

o        Hazards  of  the  job  tasks  they  will  do 

o        Hazards  of  the  work  areas 

o        AFOSH  steuidards  and  other  AFOSH  guidance  that  apply  to  their  job  and  workplace 

o        Personal  protective  equipment  they  will  need  and  how  to  use  it 

o        Location  etnd  use  of  emergency  and  fire  protection  equipment 

o        Emergency  procedures  that  apply  to  their  job  and  workplace 

o        How  to  identify  and  report  hazards 

o        How  to  repeat  work-related  injuries  and  illnespes 

Read  the  following  paragraphs  and  be  prepared  to  discuss  them  in  class. 

Hazard  Reporting  and  Abatement 

Mishap  prevention  depends  on  early  identification,  reporting,  and  correction  of 
hazards.     A  hazard  may  be  reported  by  any  person,  military  or  civilian,  assigned  or 
attached  to  the  Air  Force,  or  under  contract  to  the  Air  Force.     A  hazard  is  defined  as 
any  existing  or  potential  condition,  act,  or  procedure  that  can  result  in  a  mishap. 

Report  hazards  first  to  the  supervisor  or  local  agency  so  that  action  can  be  taken. 
If  the  hazard  is  eliminated  on  the  spot,  no  further  action  is  required  unless  it  applies 
to  other  similar  operations  or  to  other  units  or  agencies.     Reports  may  be  submitted 
anonymously.     If  the  response  to  a  hazard  is  not  satisfactory,  the  originator  should 
contact  the  Chief  of  Safety. 

Hazard  abatement  is  defined  as  the  elimination  or  permanent  reductic^n  of  a  safety, 
fire,  or  occupational  health  deficiency  by  ccxning  into  compliance  with  ,^plicable 
AFOSH  standard  or  other  safety  or  health  guidance.     The  safety  staff  plays  a  key  role  in 
the  hazard  abatement  program »     They  evaluate  each  report,  assign  a  risk  assessment  code, 
send  the  report  to  the  appropriate  functional  manager  for  action,  give  technical 
expertise,  and  monitor  corrective  action.     The  functional  manager  wil^  take  action  to 
correct  the  hazard,   and  keep  the  safety  staff  advised  of  the  status  of  corrective 
actions.     The  functional  manager  must  also  make  sure  personnel  are  not  exposed  to  undue 
risk  during  the  time  required  to  take  action.     Where  possible,  hazards  are  corrected 
through  engineering  changes  to  equipment,  changes  to  procedures,  or  administrative 
controls. 

Read  the  following  paragraphs  and  be  prepared  to  discuss  them  in  class. 
Mishap  reporting  and  investigation 

AFR  127-4  sets  up  the  program  for  investigating  and  reporting  US  Air  Force  mishaps. 
Air  Force  mishaps  are  investigated  to  find  their  causes  and  take  preventive  actions .  Air 
Force  mishaps  are  reported  to  all  levels  of  command  and  to  certain  other  action 
agencies. 
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Air  Force  mishap  is  defined  as  an  unplanned  and  unsought  event  not  caused  by  combat f 
which : 

o        Results  in  injury  to  air  Force  military  and  civilian  personnel 
o        Occupational  illness  in  military  or  civilian  Air  Force  personnel* 
o        Damage  to  Air  Force  property  or  equipment 

o        Damage  to  non  Air  Force  property  as  a  result  of  Air  Force  operations 

o        High  accident  potential,   even  though  it  did  not  result  in  injury,  occupational 
illness,  or  reportable  damage. 

Read  the  following  paragraphs  and  be  prepared  to  discuss  them  in  class 

Individual  responsibilities  to  the  AFOSH  program 

All  air  force  employees,  civilian  or  military,  are  charged  with  certain 
responsibilities  concerning  the  AFOSH  progra:n«     They  are  as  follows: 

o        Comply  with  AFOSH  standards  and  other  AFOSH  guidance 

o        Promptly  report  safety,   fire,  and  health  hazards 

o        Promptly  report  occupational  injuries  and  illnesses  to  supervisor 
o        Wear  or  use  required  protective  clothing  or  equipment 

o        Take  care  while  doing  assigned  tasks.     Give  due  consideration  to  personal 
safety  and  the  safety  of  fellow  employees. 

SAFETY 

Directed  Study  assignment  in  preparation  for  Day  2  instruction. 
Read  the  following  paragraphs  and  answer  the  questions  as  indicated. 

FIRST  AID 

Some  day  you  may  save  someone's  life,  possibly  your  own,  if  you  know  how  to  properly 
render  first  aid*    As  you  know,  first  aid  refers  to  the  treatment  given  the  sick  or 
injured  before  regular  medical  or  surgical  treatment  can  be  administered  by  trained 
personnel • 

1.      What  is  first  aid?   


{ 
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ELECTRICAL  HAZARDS  AND  SAFETY  PRACTICES 

Almost  everyone  is  required  to  work  on  or  around  electrical  circuits  as  they  do 
their  job  in  the  Air  Force.     You  cannot  see  electricity;  therefore,  you  cannot  determine 
by  looking  at  a  conductor  if  it  is  energized  by  voltage.>    Also,  you  cannot  determine  the 
aiuount  of  voltage  applied  to  the  conductor,     in  order  to  work  safely  around  electrical 
equipment,  you  must  understand  the  following: 

*  Operation  principles  of  ac  and  dc  electricity. 

*  Functions  of  the  electrical  circuits  you  maintain. 

*  Use  of  electrical  safety  equipment. 

*  Safety  precautions  to  be  observed. 

*  Conditions  which  cause  an  electrical  shock. 

*  Effects  of  an  electric  shock. 

o  Can  you  tell  by  looking  at  it  if  a  conductor  (wire)  is  energized  or  not?   

o        List  four  things  you  must  understand  to  work  safely  around  electrical 
equipment. 


A  number  of  people  are  electrocuted  each  year  because  they  fail  to  understand  one  or 
more  of  the  above  items.  For  example,  when  a  person  is  electrocuted,  death  resulted  from 
which  of  the  following? 

*  Voltage 

*  Current 

*  Resistance 

An  electrical  shock  includes  all  three  of  these  factors.     However,   "current"  is  the 
"killer"  in  the  case  of  electrical  shock. 

Voltage  i-^  an  electrical  pressure  which  causes  tiny  electrically  charged  particles 
(electrons)  to  flow  through  a  conductive  material. 

Current  is  the  movement  of  these  tiny  electrically  charged  particles  (electrons) 
through  the  conductive  material.     Movement  of  electrons  through  the  human  body  affects 
l^he  muscles  and  nervous  system.     When  the  current  exceeds  a  certain  value,  the  muscles 
affected  become  paralyzed.     This  causes  the  heart  to  stop  beating  and  the  lungs  to  stop 
functioning.     If  this  condition  prevails  long  enough,  death  results. 

Resistance  is  the  factor  v^ich  opposes  the  flow  of  current.     Tlie  amoiint  of 
resistance  that  the  human  body  has  depends  on  certain  conditions.     The  skin,  when  dry, 
has  a  high  resistance.     This  skin  characteristically  acts  to  protect  a  person  from 
electrical  shocks  by  low  voltages.     However,  when  the  skin  is  wet  or  damp,  it  has  a 
smaller  amount  of  resistance.     Therefore;  a  person  v^ose  skin  is  wet  may  be  electrocuted 
by  low  voltage  (about  100  volts),  while  a  person  with  dry  skin  ma^   not  be  electrocuted 
with  voltages  of  this  low  value. 
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o      What  is  the  •'Killer**  in  the  case  of  electrical  shock?   

o  What  causes  electrons  to  flow  through  a  conductive  material? 
o      Movement  of  electrons  through  the  human  body  affects  the 


and 


When  the  skin  becOTies  wet  or  damp  what  happens  to  the  resistance? 


Effects  of  Electric  Shock 

Electric  shock  may  cause  instant  death  or  unconsciousness,  cessation  of  breathing, 
and  burns  of  all  degrees.     If  a  60-cycle  alternating  current  is  passed  through  a  person 
from  hand  to  hand,  or  from  hand  to  foot,  the  effects  when  current  is  gradually  increased 
from  zero  are  as  follows  s 

*  At  about  1  milliampere  (0.001  ampere)  a  slight  shock  can  be  felt. 

*  At  about  10  milliampere  (0.010  ampere)  the  shock  is  severe  enough  to  paralyze 
muscles  so  that  a  person  may  be  unable  to  release  the  conductor. 

*  At  about  100  milliampere  (0.100  ampere)  the  shock  is  fatal  if  it  lasts  for  one 
second  or  more. 

Almost  all  electrical  injuries  are  caused  by  carelessness  or  overconf idence  in 
handling  equipment.     Most  personnel  are  likely  to  think  in  terms  of  high  voltages,  but 
death  lies  in  the  low  voltages  too.     The  following  facts  are  presented  to  illustrate  the 
hazards  of  low  voltage. 

The  human  skin,  through  its  resistance,  acts  as  a  protector  against  electrical 
shock.     This  resistance  to  electrical  current  varies  between  100,000  and  600,000  ohms  for 
dry  skin.     It  may  be  as  low  as  1000  ohms  for  wet  skin.     The  resistance  of  the  internal 
body,  hand  to  foot,  is  about  400  to  600  ohms,  and  from  ear  to  ear,  100  ohms.  ( 

Assume  that  120  volts  is  applied  to  the  perspiring  skin  of  a  worker  who  is  standing 
on  a  good  electrical  ground.     Further  assuming  the  worker  has  a  total  resistance  of  1500 
ohms,  the  current  through  him  or  her  would  be  about  0.08  ampere  or  80  milliamperes .  This 
amount  of  current  is  not  always  fatal,  but  it  is  painful.     It  causes  severe  muscular 
contractions  and  makes  breathing  difficult.     If  the  current  absorbed  is  between  100  and 
200  milliamperes,  it  produces  a  heart  condition,  wherein  the  heart  muscle  fibers  work 
independently  and  without  rhythm,  causing  instant  death. 


What  could  electric  shock  cause? 


At  about 


for  one  second  or  more . ' 

o      Almost  all  electrical  injuries  are  caused  by  what? 


a  shock  js  fatal  if  it  last 


The 


shock . 


acts  as  a  protector  against  electrical 
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Treatment  for  Electrical  shock 


Immediate  action  mast  be  taken  in  cases  of  electric  shock.     Seconds  count  as  they 
can  mean  the  difference  between  death  and  recovery.     Artificial  respirAtion  is  the 
f indamental  first  aid  measure  for  this  emergency.    A  person  coming  in  contact  with  a 

live  wir^    IS  the  uaual  cause  of  electrical  shock.     If  the  switch  is  nearby,  turn  it 
off,  but  do  not  spend  txme  hunting  for  the  switch.     Remove  the  victim  from  the  wire  by 
using  a  dry  wooden  pole,  dry  clothing,  rope,  or  any  nonconductor.     Be  sure  not  to  touch 
the  wire  or  victim  vith  your  bare  hands  or  you  will  end  up  in  the  same  condition  as  the 
victim.     Artificial  respiration  should  be  started  immediately  after  freeing  the  victim 
from  the  wire . 

o      What  is  the  fundamental  first  aid  measure  for  electrical  shock? 


How  would  you  remove  a  victim  from  a  live  wire? 


HEART-LUNG  RESUSCITATION 

Resuscitation  procedures  described  herein  are  in  two  parts:    which,  when  combined, 
constitute  heart-lung  resuscitation.     These  procedures  are  applicable  to  victims  of 
electrical  shock,  heart  failure,  drowning,  suffocation,  and  certain  other  causes: 
however,  the  originca  consideration  here  is  electrical  shock. 

Artificial  respiration  is  applicable  where  respiration  has  stopped,  but  there  is  a 
slight.     The  easiest  place  to  detect  uhe  pulse  is  not  in  the  wrist,  but  in 
the  throat  on  either  side  of  the  windpipe  near  the  collarbone.     in  cases  where  no  pulse 
IS  apparent,  use  closed  chest  cardiac  massage  along  with  artificial  respiration. 

Closed  chest  cardiac  (heart)  massage  it.  the  rhythmical  compression  of  the  heart 
without  opening  the  chest  by  surgery.     it  is  designed  to  provide  an  artificial 
circulation  in  order  to  keep  blood  flowing  to  the  brain  and  other  organs  until  the 
heartbeat  has  been  reestablished.     Closed  chest  cardiac  massage  is  used  in  cases  where 
the  heart  has  stopped  beating  (cannot  detect  a  palse). 

The  primary  reason  for  the  heart's  ceasing  to  beat  is  insufficient  oxygen  to  the 
vital  centers.     This  could  result  from  smothering.     Other  reasons  include  electrical 
shock,  excessive  bleeding,   shock,  heart  disease,  effects  of  certain  drugs,  and  even 
anxiety. 

When  the  heart  stops  beating  or  breathing  stops,  it  is  always  an  emergency.  Be 
calm;  think;  act I     Time  is  of  the  utmost  importance  -  SECONDS  COUNTl     If  you  are  alone, 
or  there  are  only  two  of  you  to  conduct  emergency  aid,  DO  NOT  TAKE  THE  TIME  TO  SEND  FOR 
HELP.  If  additional  personnel  arrive,  then  send  for  medical  personnel.     The  great  danger 
when  the  heart  or  breathing  stops,   is  the  lack  of  sufficient  oxygen  carried  in  the  blood 
to  feed  the  brain.     The  brain  is  the  most  sensitive  tissue  of  the  body  and  the  results  of 
a  shortage  or  oxygen  becomes  severe  within  a  few  minutes  (usually  about  three)  after 
breathing  and  circulation  are  cut  off.     Thus,  while  a  victim  who  has  had  delayed 
resuscitation  may  live,  he  or  she  faces  the  possibility  of  extensive  brain  damage  -  a 
human  vegetable.  ^ 

o      Where  is  the  easiest  place  to  detect  a  pulse? 
o      If  there  is  no  pulse  vi^at  should  you  do? 


What  is  the  danger  when  the  heart  or  breathing  stops? 
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Mouth- to~Mouth  Method 


1-  °^  artificial  respiration  is  accomplished  by  executing  the  procedure 

1.  Place  the  casualty  on  his  or  her  back  (face  up).     Do  not  put  anything  under  the  head 
as  It  may  flex  the  neck#  causing  the  air  passages  to  be  blocked. 

2.  After  turning  the  victims  head  to  the  rUde,  quickly  clear  the  mouth  of  any  foreign 
matter  by  running  your  fingers  behind  his  or  her  lower  teeth  and  over  the  back  of 
the  tongue.     Wipe  out  any  fluid,  vomitus,  or  mucuc      This  cleaning  should  not  take 
more  than  a  second  or  two  since  little  time  should  be  lost  in  getting  air  into  the 


If  available  (do  not  waste  time  looking  for  these  materials)  place  a  rolled  blanket 
or  some  other  similar  material  under  the  shoulders  so  that  the  head  will  drop 
backward.     Placing  one  hand  under  the  victim's  neck,  and  the  other  hand  on  his  or  her 
forhead,  tilt  the  head  back  so  that  the  neck  is  stretched  and  the  head  is  in  the 

chm-up    position,  see  Figure  2.     This  aligns  the  air  passages  so  that  they  do  not 
become  blocked  by  kmkmg  or  pressure.     Using  the  hand  on  the  patient's  forhead, 
pinch  the  nose  shut  in  order  to  prevent  air  leakage. 


Figure  2 

o  When  preparing  a  victim  for  mouth- to- mouth  resuscitation,  why  would  you  not  place 
anything  under  the  victim's  head?   

o    Why  must  you  pinch  the  nost  shut  when  giving  mouth  to  mouth  resuscitation? 


4.     Take  a  deep  breath  and  open 
your  mouth  wide.     Seal  your 
mouth  around  the  casualty's 
mouth  and  blow  forcefully 
(except  for  infants  and 
small  children)  into  his  or 
her  mouth  until  you  see  the 
chest  rise,  see  Figure  3. 
If  the  chest  does  not  rise 
check  to  make  sure  the 
victim's  neck  is  hyper- 
extended  and  try  again  while 
making  sure  there  is  no  air 
leakage  around  the  mouth  or 
nose . 


Figure  3.     Apply  Mouth-to-Mouth  Respiration 
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5. 


Wh6n  the  vj.ctim'8  chest  rises,  stop  blowing  and  quicXly  remove  your  mouth  from  his 
or  hers.     Take  another  deep  breath  While  listening  for  his  or  her  exhalation. 


6*     When  exhalation  is  finished,  blow  in  the  next  deep  breath.     The  first  five  to  ten 
breaths  must  be  deep  (except  for  infants  and  small  children)  and  given  at  a  rapid 
rate  in  order  to  provide  rapid  rsoxygenation.     Thereafter,  continue  breathing  at  a 
rate  of  12  to  20  times  a  minute. 

CAUTIObj:     Excessively  deep  and  rapid  breathing  may  cause  you  to  become  faint,  to 
tingle,  and  even  to  lose  consciousness.  *  Therefore,  after  the  first  five  to  ten 
breaths,  adjust  your  breathing  to  a  rate  of  12  to  20  times  a  minute  with  only 
moderate  increase  in  normal  volume.     In  this  way  rescue  breathing  can  be  continued 
for  long  periods  without  fatigue. 

7.  After  performing  rescue  breathing  for  a  period  of  time,  you  may  notice  that  the 
casualty's  stomach  is  bulging.     This  is  due  to  air  being  blown  into  the  stomach 
instead  of  the  lungs.     Although  an  inflation  of  the  stomach  is  not  dangerous,  it 
makes  inflation  of  the  lungs  more  difficult.     Do  not  attempt  to  reduce  the  stomach 
bulge  as  this  may  cause  the  victim  to  aspirate  (Force  vomitus  into  the  lungs). 

8.  As  soon  as  artificial  respiration  has  been  started  and  while  it  is  being  continued, 
an  assistant  should  loosen  any  tight  clothing  about  the  casulaty's  neck,  chest,  or 
waist . 

9.  Continue  artificial  respiration  without  interruption,  until  natural  breathing  is 
restored  or  until  a  physician  declares  the  patient  dead. 

10.  To  avoid  strain  on  the  heart  when  the  patient  revives,  he  or  she  should  be  kept 
lying  down  and  not  allowed  to  stand  or  sit  up.     The  patient  should  be  kept  warm  and 
given  a  warm  drink,  such  as  coffee  or  tea. 

11.  A  brief  return  of  natural  respiration  is  not  a  certain  indication  for  stopping  the 
resuscitation.     Not  infrequently  the  patient,  after  a  temporary  recovery  of 
respiration,   stops  breathing  again.     The  patient  must  be  watched,  if  natural 
breathing  stops,  artificial  respiration  should  be  resumed  at  once. 

o        Why  must  the  first  five  to  ten  breaths  be  deep  and  at  a  rapid  rate? 


What  should  you  do  if  you  see  the  victim's  stomach  bulging? 


o        How  long  should  you  continue  artificial  respiration? 
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SPECIFIC  TYPES  OP  WOUNDS 


The  lifesaver  steps:    stop  the  bleeding,  prevent  shocX,  and  protect  the  wound, 
should  be  carried  out  when  treating  any  person  who  has  suffered  injury. 

Stop  the  Bleeding 

First  apply  pressure  to  the  wound  with  a  dressing  or  any  clean  article  of  cloth. 
The  dressing  is  placed  against  the  wound  and  firm  pressure  should  be  applied  as  long  as 
needed.     If  the  wound  is  on  an  arm  or  leg,  and  if  bleeding  continues,  place  the  patient 
m  a  prone  position  with  the  injured  limb  raised.     The  limbs  should  not  be  raised  if 
broXen  bones  are  suspected. 

• 

If  blood  is  gushing  from  the  wound  and  the  previously  discussed  methods  of  stopping 
the  bleeding  have  failed,  a  tourniquet  should  be  applied.     The  tourniquet  should  be 
tightened  only  enough  to  stop  arterial  bleeding  (gushing  of  blood  from  the  wound). 
Always  place  the  tourniquet  between  the  wound  and  the  heart,  in  most  cases  just  above  the 
wound;  however,  in  case  of  bleeding  below  the  knee  or  elbow,  a  tourniquet  should  be 
placed  above  these  joints. 

The  patient  should  be  seen  by  a  medical  officer  as  soon  as  possible  after  the 
tourniquet  is  applied.     The  tourniquet  should  not  be  loosened  by  anyone  except  trained 
medical  personnel. 

o        The  three  lifesaver  steps  are   


,  and 


When  should  you  NOT  r^ise  a  victim's  limbs  to  control  bleeding? 


o        When  should  a  tourniquet  be  applied? 


o        Who  should  loosen  the  tourniquet? 
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Bleeding  can  often  be  reduced  or  stopped  by  applying  hand  or  finger  pressure  at 
various  points  on  a  patient's  body  as  indicted  in  Figure  4* 


The  pressure  points  in  the  groin 
and  neck  are  particularly  impon:ant. 
If  the  wound  is  too  hi^  on  the  leg  for 
tourniquet  to  be  applied*  the  pressure 
points  in  the  groin  can  be  used.  A 
neck  pressure  point  should  be  used 
when  the  patient  has  a  profuf^ely 
^leeding  scalp  wound •  Use  the  neck 
j^essure  point  only  when  other  methods 
of  stopping  the  bleeding  have  failed. 
Do  not  apply  pressure  to  both  neck 
points  at  the  same  time  or  the  blood 
supply  to  the  brain  will  be  critically 
reduced • 


Bleeding  can  be  stopped  by 
or 


applying     

pressure  at  varioun  points  on  a 
victim's  body. 


o        When  is  the  only  time  you  should 
use  the  neck  pressure  point? 


Figure  4. 


Pressure  Point!  for 
Bleeding  Control 


Prevent  or  Treat  Shock 

Treatment  for  shock  is  started  as  soon  as  you  come  upon  a  casualty.     Shock  is  a 
condition  of  great  weakness  of  the  body.     It  can,  and  often  does,  result  in  death «  and 
may  be  caused  by  any  type  of  injury.     The  more  severe  the  injury,  the  more  likely  the 
occurrence  of  shock. 

A  person  in  shock  may  tremble  and  appear  nervous.     His  or  her  pulse  becomes  rapid 
and  weak*     The  patient  may  be  excessively  thirsty,  and  may  become  quite  pale  and  wet  with 
perspiration.     He  or  she  may  gasp  for  air  and  may  pass  out. 

A  person  may  not  go  into  shock  for  sometime  after  em  injury;  therefore,  he  or  she 
should  be  treated  for  shock  whether  there  are  etny  shock  symptoms  or  not.     To  prevent  or 
treat  shock,  meUce  the  patient  comfortable.     Remove  any  bulky  items  the  pati<3nt  has  been 
carrying.     Loosen  the  belt  and  clothing.     Handle  the  patient  gently,  and  do  not  move  him 
more  than  is  absolutely  necessary,     if  he  or  she  is  lying  in  am  abnormal  position,  make 
sure  no  bones  are  broken  before  you  attempt  to  straighten  the  person  out.     if  there  is  no 
head  wound,  lower  his  or  head  and  shoulders.  If  possible,  raise  the  legs  to  increase  the 
flow  of  blood  to  the  brain.     Patients  with  head  wounds  are  treated  as  described  in  the 
section  covering  head  wounds.     Use  a  blanket,  coat,  etc,  to  keep  him  or  her  from  becoming 
chilled.     Be  sure  to  put  something  under  the  patient  to  protect  the  body  from  the  cold 
ground.     If  he  or  she  is  unconscious,  place  the  patient  face  down  with  the  head  turned  to 
one  side.    This  position  helps  to  prevent  choking  should  vomiting  occur.     Once  you  have 
the  patient  in  the  proper  position,  don't  move  him  or  her  because  to  do  so  might  cause 
the  blood  pressure  to  drop. 

o        When  should  treatment  of  shock  begin?   


o       What  is  shock? 
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o 


The  pulse  of  a  victim  in  shoclc  becomes 


and 


o 


Why  it  is  necessary  to  raise  a  patient's  legs  When  treating  for  shock? 


o        If  the  victim  is  unconscious  why  do  you  place  him  or  her  face  down  with  the 
he&d  to  one  side? 


Heat  Exhaustion  and  Heat  Stroke 

Heat  exhaustion  is  brought  on  by  extreme  physical  exertion  in  a  hot  environment  and 
is  a  state  of  mild  shock.     Heat  exhaustion  is  manifested  by  weakness,  faintness, 
dizziness,  headache,  loss  of  appetite  and  nausea.     Victim's  skin  will  feel  cold  and 
clammy  and  will  be  perspiring.     The  body  temperature  will  be  about  normal.     The  first  aid 
procedure  for  heat  exhaustion  is  to  have  the  victim  lie  down  in  a  cool  room  and  be  made 
comfortable.     The  victim  may  be  given  a  drink  of  salt  water,  1/2  teaspoon  salt  in  1/2 
glass  of  water  every  15  minutes  for  3  or  4  doses  only  if  conscious.     Treat  for  shock  by 
loosening  victim's  belt,  and  loosening  tight  clothing.     When  treated  as  indicated  above, 
heat  exhaustion  should  be  promptly  reversed  and  nonfatal.     However,  if  prompt  recovery  is 
not  seen  after  rest  in  a  relatively  cool  area,  the  victim  should  be  transported  to  a 
medical  facility. 

o        Heat  exhaustion  is  caused  by 


o        Under  what  circumstance  should  you  definitely  not  give  the  heat  exhaustion 
victim  a  drink  of  salt  water? 


o        When  should  the  first  aid  responder  determine  that  a  heat  exhaustion 
victim  should  be  transported  to  a  medical  facility? 


o 


List    the  symptoms  of  heat  exhaustion. 


o 


List  the  first  aid  procedures  for  heat  exhaustion. 
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Heatstroke,  sometimeB  referred  to  as  sunstroke  is  a  failiare  of  the  heat  regulating 
mechanism  of  the  body.     The  body  cannot  rid  itself  of  excess  heat,  normally  accomplished 
by  sweating.    After  sweating  has  ceased,  heat  %d.ll  continue  to  build  up  in  the  body 
eventually  resulting  in  cell  damage  in  the  Central  Nervous  System  (brain  and  spinal 
cord) .     It  is  not  necessary  for  the  victim  to  be  exposed  to  the  sun  for  this  very  serious 
state  to  occur.     The  victim  has  usually  %«>rked  in  a  warm  humid  environment  for  a  long 
period  of  time.    The  heatstroke  victim  will  have  red  or  flushed^  hot,  dry  skin,  and  a 
very  high  body  temperature  (sometimes  reaching  105*  or  more).     When  heatstroke  first 
occurs,  victims  pulse  will  be  rapid  etnd  bounding.    Later  the  pulse  will  be  rapid  and 
weak.     The  victim  may  have  diminished  cerebral  functions  or  the  victim  may  be  in  a  coma 
or  near  coma.     Heatstroke  is  a  true  emergency.    All  untreated  victims  of  heat  stroke  will 
die.     They  may  die  even  if  treated*     Permanent  Drain  damage  may  result  if  the  condition 
is  allowed  to  persist  for  a  significant  period  of  time.     First  aid  procedures  for  heat 
stroke  are: 

a.       Try  to  reduce  the  body  temperature  to  below  100*  if  possible  by  immersing  the 
victim  in  ice  water,  or  by  using  wet  sheets  and  a  fan. 

b*      Transport  to  nearest  medical  facility  as  a  priority  one  emergency. 

c.      Cooling  treatment  must  be  continued  while  transporting. 


o  Heatstroke  is  also  known  as 
o        Define  heatstroke 


How  does  the  body  normally  rid  itself  of  excess  heat? 


If  excess  heat  continues  to  build  up  in  the  body,  eventually  what  would  result? 


What  has  the  victim  usually  done  prior  to  a  heat  stroke? 


List  the  symptoms  of  heat  stroke. 


List  the  first  aid  procedures  for  heat  stroke. 
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3770  Technical  Training  Group  SW  J3ABR54530  001-1-3 

(Civil  Engineering  Training) 
Sheppard  Air  Force  Base,  Texas 

HAND  TOOLS 

OBJECTIVE 

To  help  you  in  identifying  and  selecting  hand  tools  and  special  tools  as  used  in 
refrigeration • 

INTRODUCTION 

Few  wrds  have  so  many  meanings  as  the  word  "tools".     Each  workman  has  certain  tools 
which  are  ccmmon  to  his  or  her  job.     In  this  lesson,  only  those  tools  you  will  be  using 
in  this  career  field  will  be  discussed,  since  these  will  be  most  important  to  you. 

INFORMATION 

The  following  assignments  will  be  referenced  from  various  chapters  in  the  Modern 
Refrigeration  and  Air  Conditioning  textbook.     Complete  the  questions  before  day  2  class. 

Answer  these  questions  on  a  separate  sheet  of  paper  and  be  prepared  to  hand  them  in. 

o        On  page  page  52,  which  two  tools  are  used  to  cut  copper  tubing? 

o        In  paragraph  2-30,  which  wrench  is  most  desirable  when  working  with  nuts  and 

bolts? 

o        Which  wrench  is  least  desirable? 

o        Under  what  conditions  would  a  6-point  socket  be  preferred  over  a  12-point 
socket?     (Para  2-31) 

o        If  a  bolt  has  a  nominal  size  of  5/16,  then  it  takes  what  size  wrench  for  the 
head  and  nut?  (Figure  2-45) 

o        This  wrench  looks  like  a  box  wrench  but  it  has  an  opening  in  it;  what  is  it? 
(Para  2-33 J 

o        When  using  open  end  wrenches  on  refrigeration  fittings,  why  is  a  thick  jaw  the 
better  wrench?  (Para  2-34) 

o        Is  there  a  proper  way  to  use  an  adjustable  jaw  wrench?     If  so,  how?  (Para 

2-35) 

o        The  service  valve  wrench  has  a  square  hole  on  the  fixed  end  and  what  on  the 
other?  (Para  2-37) 

o        What  is  the  fixed  end  of  the  service  wrench  used  for?   (  Para  2-37) 

o        If  you  have  a  service  wrench  but  it  do^s  not  fit  the  valve  stem  on  your 
equipment,  then  according  to  paragraph  2-3b  what  *jlse  do  you  need? 

o        In  normal  refrigeration  work  the  type  heunmer  you  will  use  most  is  the  12-  or 
16-ounce      hammer.   (Para  2-40) 

o        To  prevent  surface  injury  to  parts  while  hammering  on  them,  you  should  use  a 

mallet  made  of   ,   ,    ^  ^  or 

 .   (Para  2-41)  — 


o        Paragraph  2-42  lists  two  types  of  wire  cutting  pliers;  they  are  the 

and 
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o       What  part  of  a  screwdriver  is  not  included  in  its  length?  (Para  2-43) 

o        The  size  of  a  drill  bit  is  usually  found  on  the   of  the 

drill.  (Para  2-46) 

o        The  double  cut  file  is  used  for  what  purpose?  (Para  2-64) 

o        Which  hacksaw  blade  would  be  best  for  cutting  copper  tubing?  (para  2-65) 
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3770  Technical  Training  Group 
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ELECTRICAL  PRINCIPLES  AND  CIRCUITS 

OBJECTIVE 

To  help  you  attain  a  working  knowledge  of  Electrical  J>rinciples  and  Circuits. 
I^NTRODUCTION 

You  may  question  why  a  refrigeration  mechanic  needs  tD  know  electricity.     The  answer 
is  simple.     By  far  the  largest  amount  of  refrigeration  troubles  are  in  the  electrical 
system.     In  order  to  train  you  in  the  most  effective  manner,  we  begin  with  simple 
fundamentals  and  increase  your  knowledge  each  day. 

INFORMATION 

The  following  assignments  will  be  completed  as  indiccited  for  days  2  thru  5.  You 
will  be  given  a  quiz  at  the  beginning  of  each  day  which  wlII  measure  information  from  the 
designated  section  of  this  Study  Guide  Workbook. 

Part  1 

Read  the  following  paragraphs  and  answer  the  questions  prior  to  day  2  class. 

MATTER 

Matter  is  made  of  particles  in  motion. 
This  moving-particle  theory  explains 
many  common  facts  such  as  evaporation 
of  liquids,  diffusion  of  gases,  and  the 
flow  of  electrical  current.  However, 
before  you  can  use  the  moving-parti ::le 
theory  to  explain  current  flow,  or  why 
some  materials  such  as  copper,  silver, 
and  gold  make  good  conductors  of  elec- 
tricity and  other  materials  very  poor 
conductors,  you  must  idfentify  the  par- 
ticles of  matter  that  do  the  moving. 

To  obtain  the  answer  to  these  questions 
is  the  reason  you  are  starting  the  study 
of  electricity  with  a  basic  lesbon  on 
the  structure  of  matter. 


Structure  of  Matter 

The  earth  and  the  planets,  or  anything  found  on,  around,  or  in  them  are  states  of 
matter.     It  exists  in  millions  of  forms,   fron  the  clouds  in  the  sky  and  our  food  and 
clothes,  to  the  soils,  liquids,  metals,  woods,  and  rocks  of  the  earth. 

These  many  forma  of  matter  exist  in  three  states  -  liquid,  solid,  and  gas.     As  you 
know,  liquids,   solids,  and  gases  occupy  space  and  have  weight;  otherwise,  we  could  not 
identify  these  states  of  matter.     Therefore,  everything  around  us  is  an  example  of  matter 
in  one  form  or  another. 

o        True  or  false     (Circle  one).     Matter  is  anything  that  has  weight  and  occupies 
space . 

o        The  three  states  of  matter  are 


and 
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Long  ago  scientists  discovered  that  the  many  forms  of  matter  could  be  broken  into 
smaller  particles.     One  of  the  smallest  particles  to  which  matter  can  be  broken  dovm  is 
the  molecule* 

Scientists  call  the  smallest  part  of  any  caramon  substance  (matter)  that  still  has 
the  properties  of  the  substance,  a  molecule.     The  very  smallest  bit  of  glass  that  can 
still  be  identified  as  glass  is  a  glass  molecule.     The  smallest  bit  of  water  that  can  be 
identified  as  water  is  a  water  molecule.     Chemical  methods  can  break  down  most  molecules 
into  still  smaller  particles.     However,  when  the  molecule  is  broken  down  into  smaller 
particles,  the  characteristics  of  the  originad  substance  are  destroyed. 

o        What  is  the  smallebv  part  of  any  common  substance  that  s.till  has  the  properties 
of  the  substance  called?   


o        What  happens  to  a  molecule  when  it  is  broken  down  into  smaller  particles? 


A  substance  which  contains  ataiis  of  only  one  kind  is  called  an  element.     By  chemical 
action,  we  can  combine  elements  to  form  cc^pletely  new  substances  called  cc^pounds.  If 
we  break  down  water,  we  would  have  two  atoms  of  hydrogen  and  one  atom  of  oxygen.  Water, 
then,  is  a  compound  formed  by  combining  the  atcxns  of  oxygen  and  hydrogen.  Rust  is  another 
compound,  it  is  produced  when  the  atoms  of  the  iron  element  and  the  atoms  of  the  oxygen 
element  combine.     Sugar,  which  is  a  compound,  is  composed  of  the  elements  of  carbon, 
hydrogen,  and  oxygen.     In  other  words,  the  atoms  of  most  elements  will  combine  with  other 
kinds  of  atoms  to  form  compounds.     Salt,  sugar,  paper  and  water  are  all  examples  of 
compounds  formed  by  a  cc^bination  of  elements. 

o        What  is  an  element?     


o        What  is  a  cc^pound? 


We  have  discovered  that  molecules  are  composed  of  very  small  particles  known  as 
atoms.     An  atom  is  the  smallest  particle  that  retains  its  identity  as  a  part  of  the 
element  from  which  it  ir  divided.     A  further  division  of  the  atom  would  yield  particles 
that  bear  no  relationship  to  the  original  element  frcxn  which  they  came.     Now  let  us  break 
down  some  matter  and  identify  the  atom. 

Match  the  definitions  with  the  list  of  terms  by  placing  the  number  of  the  definition 
in  the  appropriate  blank. 


Matter 


The  smallest  particle  of  an  element  that  can  take  part 
in  ordinary  chemical  change. 


Molecule 


A  substance  which  is  made  up  of  different  kinds  of 
atoms  in  chemical  combinations . 


Atom 


3.      A  substance  which  is  made  up  of  the  same  kind  of 
atoms . 


Element 


The  smallest  particle  into  which  a  substance  can  be 
reduced  an«i  still  retain  the  characteristics  of  the 
substance . 


Compound 


Anything  which  occupies  space  and  has  weight. 
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All  atoms  are  ccmposed  of  tiny  particles.    The  centermost  part  is  )uiown  as  the 
nucleus.     The  nucleus  of  an  atom  raay  be  compared  to  the  sun  in  our  solar  system  around 
which  planets  revolve.     The  nucleus  accounts  for  almost  all  the  weight  (maKs)  of  the 
atom,  and  furnishes  the  force  that  causes  other  particles  of  the  atom  to  spin  around  the 
nucXeus  in  the  same  manner  as  the  planets  move  in  orbits  around  the  sun.     In  the  sketch 
belov*,  notice  the  resemblance  of  an  atom  to  our  solar  system. 


SOLAR  SYSTEM 
PLANETS 


ATOM 


PLANETS 


SUN 


STRUCTURE 


o 

/  / 

NUCLEUS.    f    r)  \ 

^  O' 


o        The  center  most  part  of  the  atom  is  known  as  the 


o        The  nucleus  accounts  for  almost  all  the    of  the  atom. 


The  nucleus  contains  two  of  the  three  parts  of  the  atom.     These  two  parts  are  known 
as  the  proton  and  the  neutron.     The  proton  will  always  have  a  positive  charge  and  every 
atom  must  have  at  least  one  proton  in  its  nucleus •     The  symbol  used  to  represent  the 
proton  is      +      .     The  neutron  is  a  sub  atomic  particle  found  in  the  nucleus  of  the  atom. 
Althouogh  it  has  a  diameter  and  m:^*ss  approximately  equal  to  the  proton,  it  has  no 
electrical  charge*     Hence,  it  can  be  thought  of  as  one  proton  and  one  electron*  The 
neutron  is  required  to  stabilize  the  atomic  structure  of  the  more  complex  type  atoms* 
Its  symbol  is    N    *     The  protons  and  the  neutrons  are  packed  closely  together  to  form  the 
nucleus  of  the  atom*     Since  the  neutron  has  no  electrical  charge  and  the  proton  has  a 
positive  charge,  the  nucleus  of  an  aton  will  always  have  a  positive     (     +     )  charge  and 
is  the  particle    that  maintains  the  stability  of  the  atom. 


o        The  atom  contains  the 


and  the 


o        What  type  charge  does  the  proton  have?. 


o        True  or  false  (circle  one)*     The  neutron 
does  not  affect  the  stability  of  the  nucleus. 

o        What  type  charge  will  the  nucleus  always  have? 
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Read  the  paragraph  below  and  answer  the  following  questions. 


The  third  part  of  the  atom  is  the  electi^on.    Electrons  are  the  particles  that  circle 
about  the  nucleus  of  an  atom  in  paths  called  shells.     There  can  be  as  many  as  seven  (7) 
shells  around  the  nucleus  of  an  atom.    Each  shell  will  have  a  number  of  electrons 
orbiting  in  it.     The  number  of  electrons  that  each  shell  can  hold  depends  upon  the 
distance  of  the  shell  from  the  nucleus.     However,  the  total  number  of  electrons  orbiting 
in  the  shells  will  be  the  same  as  the  number  of  protons  in  the  nucleus.     The  electron  has 
a  negative  charge  and  the  symbol  is  (  -  )    .     It  is  this  negative  charge  that  helps  hold 
the  electrons  in  orbit  around  the  nucleus. 


What  is  an  electron? 


What  type  charge  does  an  electron  hold? 


In  the  sketch  of  an  atom  shown  below,   identify  the  three  parts  of  the  atom  by 
writing  the  word  Electron,  Proton,  and  Neutron  in  the  appropriate  blank. 


One  of  the  fundamental  laws  of  electricity  is  that  like  charges  repel  each  other, 
and  unlike  charges  attract  each  other.     This  law  explains  the  bond  that  exists  in  the 
atom  between  the  positively  (  +  )  charged  protons  of  the  nucleus  and  the  negatively  (  -  ) 
charged  electrons  orbiting  around  the  nucleus,     since  the  two  particles  (electrons  and 
protons)  have  unlike  charges,  they  will  be  drawn  toward  each  other  until  the  positive 
charge  exactly  balances  the  negative  charge.     This  balanced  or  neutral  condition  holds 
the  electrons  in  the  various  orbits  around  the  nucleus.     Under  normal  conditions  the 
number  of  electrons  in  the  orbital  shells  of  an  atom  will  be  the  same  as  the  number  of 
protons  in  the  nucleus.     Therefore,   if  the  sum  of  the  positive  charges  exactly  equals  the 
sum  of  the  negative  charges,  the  atom  wilj  be  neutral. 


o        Like  charges 
each  other. 


each  other  and  unlike  charges 


o 

equal? 


Und 


er  normal  conditions  what  does  the  number  of  electrons  in  the  orbital  shell 


4-4 


EKLC 


lib 


In  the  normal  atcan  the  sum  of  the  positive  charges  of  the  protons  in  the  nucleus 
exactly  equals  the  sura  of  the  negative  charges  of  the  electrons  -  such  an  atcxn  is 
neutral.     If  for  some  reason  a  few  electrons  are  torn  away  from  the  neutral  atom,  the 
atom  becomes  charged  and  is  called  a  pouitive  ion*     Therefore,  atoms  having  a  positive 
charge  are  the  result  of  an  atom  losing  one  or  more  of  the  orbiting  electrons,     in  other 
words,  a  positively  charged  atom  will  have  more  protons  in  its  nucleus  than  there  are 
orbiting  electrons. 

o      What  is  a  positive  ion?  


orbiting  electrons? 


If  the  electrons  that  are  torn  away  from  the  neutral  atom  (as  explained  in  the 
previous  paragraph)  gather  on  some  other  neutral  atom,  that  atom  becomes  negatively 
charged,  and  is  called  a  negative  ion.     If  an  electron  moved  to  an  already  neutral  atom, 
the  atom  would  then  have  an  excess  of  electrons.     The  result  would  be  the  atom  having  a 
negative  charge. 

o        what  happens  to  the' atom  if  it  has  an  excess  of  electrons? 


Now  let  us  review  the  information  on  the  electrical  charges  an  atom  may  contain.  We 
know  that  an  atom  may  have  a  number  of  shells  with  a  number  of  electrons  orbiting  in  each 
shell,  and  normally  there  is  one  orbiting  electron  for  each  proton  in  the  nucleus.  The 
sum  of  the  positive  charges  of  the  protons  exactly  equals  the  sum  of  the  negative  charges 
of  the  electrons.     In  other  words,   under  normal  conditions  atoms  are  neutral;  all  atoms 
strive  to  remain  electrically  neutral.     However,  if  for  some  reason  a  few  electrons  are 
torn  away  from  a  neutral  atom,  it  has  an  excess  of  protons  and  is  now  a  positively 
charged  atom.     If  the  electrons  that  are  torn  away  from  the  neutral  atom  gather  on  some 
other  neutral  atom,   it  now  has  an  excess  of  electrons  and  is  a  negatively  charged  atom. 

Identify  the  electrical  charge  of  each  illustrated  atom  by  writing  the  word 
Positive,  Negative,  or  Neutral  in  the  appropriate  blank. 


We  observed  that  some  electrons  are  close  to  the  nucleus  and  others  are  farther 
away.     The  number  of  shells  and  the  number  of  electrons  in  each  shell  depends  upon  the 
complexity  of  the  atom.     The  shell  closest  to  the  nucleus  can  hold  only  two  electrons. 
The  next  orbital  shell  can  hold  from  one  to  eight  electrons.     The  first  shell  must  be 
filled  with  two  electrons  before  any  electrons  can  move  into  the  second  shell.  Likewise, 
the  second  shell  must  be  filled  with  its  eight  electrons  before  any  electrons  appear  in 
the  third  shell.     Therefore,  if  there  are  more  than  10  electrons  in  the  atom,  an 
additional  orbital  shell  farther  away  from  the  nucleus  is  required. 


o 


Does  a  positively  charged  atom  have  more  protons  in  it's  nucleus  than  there  are 


A 


fi 


C 
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o     •  How  many  electrons  can  the  shell  closest  to  the  atc»n  hold? 


It  18  now  apparent  that  the  first  shell  can  hold  up  to  two  electrons  and  the  second 
shell  can  hold  up  to  eight  electrons.     Also,  each  shell  (first  and  second)  must  be  f illed < 
completely  before  the  third  shell  is  formed.     The  requirement  to  fill  the  shell 
completely  before  the  next  shell  is  formed  applies  only  to  the  first  and  second  shells. 

Continuing  outward  from  the  nucleus,  the  third  shell  can  hold  up  to  18  electrons, 
the  fourth  shell  up  to  32  electrons,  etc.     However,  the  outer  shell  can  hold  only  up  to 
eight  electrons.     The  npxt  to  the  outer  shell  can  hold  only  up  to  18  electrons.     When  the 
outer  shell  is  filled  (8  electrons),  and  the  next  to  the  outer  shell  is  filled  (18 
electrons),  a  new  shell  will  be  formed  when  another  electron  is  addded  to  the  atom. 

o        True  or  False  (circle  one).     The  requirement  to  fill  the  shell  completely 
before  the  next  shell  is  formed  applies  to  all  the  shells. 

o        How  many  electrons  can  the  next  to  the  outer  shell  hold? 


It  is  possible  to  determine  vrtiether  a  given  substance  will  easily  release  electrons 
by  noting  the  distance  the  shell  is  from  the  nucleus  and  the  number  of  electrons  in  each 
shell.     The  first  shell  (the  shell  next  to  the  nucleus)  is  cc»nplete  and  chemically  stable 
when  It  has  two  electrons.     The  electrons,   in  this  case,  are  bound  tightly  around  the 
nucleus,  and  a  great  force  is  required  to  dislodge  the  electrons.     The  second  shell  must 
have  eight  electrons  before  it  is  complete  or  chemically  stable e     If  the  shell  in 
question  is  complete,  a  superior  force  would  also  be  required  to  remove  the  electrons. 
Now,  if  there  are  only  two  electrons  in  this  second  shell,  it  would  surrender  the 
electrons  with  relative  ease.     The  unstable  condition  and  distance  the  shell  is  from  the 
nucleus  permit  the  electrons  to  be  easily  dislodged  from  the  atom. 

o        True  or  False  (circle  one).     The  first  shell  is  complete  and  chemically  stable 
when  it  has  one  electron. 

o        Will  an  atom  that  has  two  electrons  in  the  second  shell  surrender  these 
electrons  easily? 


In  other  words,  when  the  outermost  shell  of  an  atom  has  eight  (8)   electrons,  the 
shell  is  stable  and  it  will  refuse  to  give  up  or  take  on  additional  electrons.     We  know 
that  the  other  shells  closer  to  the  nucleus  are  also  stable  and  will  not  give  up 
electrons.     Thereforet  it  is  this  outermost  shell  that  determines  if  electrons  can  be 
drawn  away  from  the  atc»n  by  a  small  outside  force.     The  outermost  shell  is  called  the 
valence  shell  and  the  electrons  in  this  shell  are  called  valence  electrons.     When  the 
valence  shell  of  an  atom  is  more  than  half  full  (5  or  more  electrons)  the  atom  tends  to 
take  on  electrons  to  complete  its  shell  and  will  refuse  to  give  them  up.     If  the  valence 
shell  is  less  than  half  full   (3  or  less)  the  atom  tends  to  give  up  electrons.     The  fewer 
valence  electrons  there  are  in  the  valence  shell,  the  easier  it  is  to  free  them. 


What  is  the  outermost  shell  called? 


o        True  or  False  (circle  one).     The  fewer  valence  electrons  there  are  in  the 
valence  shell,  the  easier  it  is  to  free  them. 

o        The  outermost  shell  is  stable  when  it  contains    electrons . 

Once  an  orbital  electron  is  removed  from  an  atom,   it  is  called  a  free  electron*  The 
valence  electrons  of  certain  metals  are  so  looseJy  bound  to  the  nucleus  that  a  small 
outside  force  can  move  the  electron  from  the  atom.     The  small  amount  of  energy  created  by 
room  temperature  can  cause  an  electron  to  be  moved  from  the  atom  and  become  a  free 
electron.     This  free  electron  may  move  in  any  direction  through  the  metal  in  search  of  a 
positively  charged  atom.     In  other  words,   there  is  a  random  movement  of  electrons  among 
the  atoms  within  the  metal. 


I 

^-1 1  b 

o 

ERIC 


o       Once  an  orbital  electron  is  removed  from  an  atom  what  is  it  called? 


It  is  apparent  that  the  free  electrons  moving  about  the  interior  of  the  metal  may 
again  recombine  with  atccos.     There  is  still  an  interchange  of  free  electrons  between 
atoraSf  but  there  is  no  general  trend  in  either  one  direction  or  the  other.     The  electrons 
do  not  actually  flow  frcro  one  end  of  the  material  to  the  other,   unless  they  are  forced  to 
do  so  by  the  application  of  some  external  force.     They  are  not  considered  as  flowing  in 
the  sense  that  an  electric  current  flows.     In  other  unDrds,   to  have  a  current  flow,  there 
must  be  a  constant  pressure  to  maintain  a  steady  drift  of  electrons  and  a  suitable  path 
through  which  the  electrons  may  flow. 

o        Name  two  requirements  necessary  to  have  current  flow. 

a.   b.   


If  a  positively  charged  body  (having  too  few  electrons)  and  a  negatively  charged 
body  (having  an  excess  of  electrons)  are  placed  at  opposite  ends  of  the  copper  wire,  the 
free  electrons  in  the  copper  wire  will  be  attached  to  the  positively  charged  body.  The 
force  caused  by  the  two  differently  charged  bodies  cause  all  of  the  free  electrons  to 
move  in  the  same  direction  through  the  wire.     The  randCMu  movement  of  electrons  no  longer 
prevails.     The  movement  of  these  free  electrons  through  the  conducting  copper  wire  toward 
the  positively  charged  body  constitutes  an  electric  current. 

o        What  will  happen  if  you  place  two  differently  charged  bodies  at  opposite  ends 
of  the  wire . 


When  a  battery  is  applied  to  the  wire,  an  excess  of  electrons  is  applied  to  one  end 
of  the  wire  and  a  deficiency  of  electrons  at  the  other  end.     The  free  electrons  are 
caused  to  flow  or  drift  toward  the  end  with  a  deficiency  of  electrons.     This  is  the  same 
condition  explained  in  the  previous  paragraph  -  two  unlike  charges.     In  the  general  drift 
of  electrons  along  a  wire  carrying  an  electric  current,  each  electron  travels  only  a 
short  distance  before  colliding  with  and  becoming  attached  to  an  atom.     However,  this 
collision  knocks  off  one  or  more  electrons  from  the  atom  which  become  free  electrons.  In 
this  manner  the  general  drift  continues  throughout  the  entire  length  of  the  wire.  This 
drift  of  electrons  through  the  wire  is  referred  to  as  a  "FLOW  OF  CURRENT," 

What  is  the  flow  of  electron  referred  to? 


Now  let  us  review  the  information  on  the  theory  of  current  flow.     The  tendency  of  an 
atom  to  give  up  its  electrons  depends  upon  a  characteristic  called  "Chemical  Stability." 
An  atom  is  said  to  be  stable  if  its  valence  shell  is  full;  that  is,  when  the  valence 
shell  contair^s  eight  valence  electrons.     A  great  amount  of  force  is  required  to  dislodge 
the  electrons  of  a  chemically  stable  atoi...     When  the  valence  shell  of  eui  atom  is  more 
than  half  full,  the  atom  tends  to  take  on  electrons.     When  an  atom's  valence  shell  is 
less  than  half  full,  the  atom  will  give  up  electrons.     When  a  small  amount  of  force  is 
added  to  a  valence  electron,  it  will  move  out  of  the  valence  shell  and  become  a  free 
electron.     If  the  movement  of  electrons  is  controlled  so  that  the  free  electrons  move  in 
t^e  same  direciton  at  the  same  time  through  a  conducting  material,  we  have  a  flow  of 
electrons  which  is  called  electric  current. 

o        The  atom  is  said  to  be  stable  if  its 


o        What  is  the  flow  of  electrons  called? 


STOPi     You  have  completed  the  material  to  be  studied  before  day  2  class. 
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start  here  for  material  to  be  accomplished  prior  to  day  3  class. 


Now  that  we  know  free  electrons  in  the  form  of  electrical  current  can  be  moved  from 
point  to  point  in  a  conducting  material,  the  unit  of  measurement  for  electrical  current 
ff"^     *.|'f®°®"ff    .  '^^  negative  charge  of  an  electron  is  called  an  elemental  charge,  and 

•     smallest  electrical  charge  which  has  been  discovered.     The  positive  charge  of  a 
proton  IS  also  called  an  elemental  charge.    These  charges  are  equal  and  opposite  in 
^i^'^^v  Since  the  mobile  member  of  the  atom  is  the  electron,  it  moves  this 

Sroual,  J^r!!'/^^  conducting  material.  The  rate  at  which  the  electrons  move  this  charge 
through  the  material  determines  the  amount  of  current  flow. 


What  determines  the  amount  of  current  flow? 


The  number  of  elemental  charges  that  pass  any  point  in  a  conducting  material  each 
second  IS  the  rate  of  flow  of  electrical  current.     However,  the  elemental  charge  is  too 
small  for  practical  use.     This  charge  is  so  small  that  it  would  require  several  sheets  of 
paper  to  record  the  amount  of  current  used  in  your  home  in  one  day.    We  must  have  a 
number  of  elemental  charges  measured  as  a  unit  of  current.     This  unit  is  called  a 
coulomb.     It  takes  6,250  million  billion  elemental  charges  to  make  one  coulomb.  The 
coulomb  IS  the  unit  quantity,  or  unit  charge  that  is  computed  when  determing  the  flow 
rate  or  current.  ^ 

o        How  many  elemental  charges  does  it  take  to  make  one  coulomb? 


nnmHo^*^  a  current  of  water  flows  through  a  pipe  is  expressed  as  a  certain 

number  of  gallons  or  cubic  feet  per  second.     In  the  same  way,  a  current  of  electricity 
Tn^h!  oon^^!  !  certain  quantity  of  charge  flowing  per  second  past  a  certain  point 

in  the  conducting  material.     As  you  know,  we  use  the  coulomb  as  the  quantity  of  charge 
that  goes  by  per  second.     The  rate  at  which  the  unit  charge  flow  is  measured  is  amperes. 
If  one  coulomb  passes  a  point  each  second,  the  current  flow  would  be  one  ampere. 
Therefore,  ampere  is  the  number  of  coulombs  passing  a  point  per  second  in  a  conducting 
material.     The  unit  of  measure  used  to  express  the  rate  at  which  current  flows  is  the 

o        What  is  a  coulomb? 


o        What  is  the  unit  of  measure  used  to  express  the  rate  of  current  flow? 


m^.*.  /  r       1  I"^*^  current  is  the  movement  of  electrons  through  a  conducting 

°^  ''^^''^^  transferred  by  the  moving  electrons  is  measured 
in  amperes,  let  us  discuss  the  force  that  causes  the  movement  of  the  electrons.  You 
fV»IJ^r  ^^"^'"^^^  '^^^^  *  '"i^e  i=  connected  between  a  point  with  an  excessive  number  of 

electrons  and  another  point  with  a  deficiency  of  electrons,  there  will  be  a  movement  of 
the  free  electrons.     This  movement  is  explained  by  the  fact  that  an  electrical  pressure 
exists  whenever  there  are  more  electrons  at  one  point  than  at  the  -other.     The  arPAtPr 
aifference  m  the  number  of  electrons,  the  greater  the  electrical  pressure  and  thl 
^no^n^""  the  amount  of  electron  flow.     This  electrical  pressure  between  the  two  points  is 
known  as  a  difference  of  potential. 

o        What  will  happen  when  you  connect  a  wire  between  a  point  with  an  excess  of 
electrons  and  a  point  with  a  deficiency  of  electrons? 


What  is  the  electrical  pressure  between  two  points  known  as? 
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When  two  bodies  have  unequal  charges,  a  difference  of  potential  exists  between  them. 
This  difference  of  potential  causes  a  current  to  flow.     However,  the  drift,  of  the 
electrons  will  tend  to  neutralize  the  unequal  charge  of  the  two  bodies  and  no  difference 
of  potential  will  exist.     Therefore,  we  must  have  a  force  that  will  maintain  the 
difference  of  potential  between  the  two  bodies.     In  other  words,  we  must  have  a  force 
that  will  remove  electrons  frcm  one  point  and  pile  up  electrons  on  the  other.     This  force 
is  known  ae  electromotive  force.     Now,  if  a  device  that  causes  a  continuous  electromotive 
force  is  connected  between  two  points,  a  difference  of  potential  is  maintained  aiid  a 
continuous  current  will  flow. 

o        Difference  of  potential  causes   


o        True  or  False  (circle  one) .     The  force  that  will  remove  electrons  from  one 
point  and  pile  up  electrons  on  another  point  is  known  as  electromotive  force. 


In  order  to  maintain  a  steady  flow  of  current,  we  must  have  a  continuous  electro- 
motive force.     That  is,  one  end  of  the  wire  must  have  an  excess  of  electrons  and  the 
other  end  a  deficiency  of  electrons. 
Note  in  the  illustration  io  the  right 
that  the  electrons  flow  away  from 
one  post  of  the  battery  and  toward 
the  other  post.     The  reason  for 
this  is  that  a  battery  creates  an 
excess  of  electrons  at  one  post 
and  it  has  a  deficiency  of  elec- 
trons at  the  other  post.  The 
battery  then  is  a  constant  source 
of  electromotive  force. 


The  battery  is  a  constant  source  of 


o        What  is  required  to  maintain  a  steady  flow  of  current? 


This  electromotive  force,  or  pressure,  is  usually  abbreviated  "E.  M.  F."     This  EMF 
is  expressed  in  units  called  "volts".     The  volt  is  a  unit  of  electromotive  force  and  is 
measured  with  a  device  called  a  voltmeter.     When  the  EMF  of  a  battery  is  mentioned,  it  is 
referred  to  as  having  a  certain  number  of  volts.     The  same  is  true  of  the  wall  plug  in 
your  house.     When  we  measure  the  EMF  of  the  plug,  we  say  that  there  are  110  volts 
available • 


What  is  the  abbreviation  for  electromotive  force? 


What  is  the  un-t  of  measure  fSr  electromotive  force? 
What  device  do  'w^  use  to  measure  electromotive  force? 


To  summarize:     When  two  bodies  have  unequal  charges,  a  difference  of  potential 
exists  between  them.     This  potential  difference  causes  a  current  to  flow.     The  two  bodies 
are  maintained  at  a  continuous  difference  of  potential  because  of  a  constant  source  of 
electromotive  force  v^ich  creates  an  excess  of  electrons  at  one  point  and  a  deficiency  of 
electrons  at  the  other  point.     This  electromotive  force  driving  the  current  is  measured 
in  volts.     One  volt,  when  steadily  applied  to  a  conducting  material  that  has  one  unit  of 
resistance,  will  produce  a  current  of  one  ampere. 
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°       ^®  »  ^^en  steadily  applied  to  a  conducting  material  that 

has  one  unit  of  resistance,  will  produce  a  current  of   


In  order  to  cause  electrons  to  move  in  the  same  direction  through  a  conducting 
material,  an  electromotive  force  must  be  available.     Several  methods  can  be  used  to 
supply  the  electronioti,ve  force.    The  voltaic  cell  is  one  way  in  which  an  electromotive 
force  can  be  produced.     The  cell  consists  of  two  metals,  such  as  zinc  and  copper,  placed 
xn  a  solution  of  acid  and  water.    The  resulting  chemical  reaction  produces  an 
electroitiotive  force  between  the  two  metals.     The  zinc  takes  on  a  negative  charge  and  the 
copper  metal  takes  on  a  positive  charge.     The  metals  thus  become  positively  and 
negatively  charged  respectively  and  in  this  case  an  electromotive 'force  of  about* 5  volts 
xs  produced,    ihe  same  action  takes  place  in  the  common  flashlight  battery  or  automobile 
batterv • 


battery 

o        What  does  the  voltaic  cell  consist  of? 


Does  the  7±nc  plate  take  on  a  positive  or  negative  charge? 


What  produces  an  electromotive  force  between  the  two  metals? 


Another  methoa  ufled  to  produce  EMF  is  by  heat.     For  example,  a  thermocouple  is  a 
devxce  which  converts  heat  directly  into  electromotive  force.     The  thermocouple  consists 
of  two  dxssimilar  metals  in  contact.     The  metals  can  be  copper  and  iron  or  any  other 
dxssxmxlar  metals.    When  a  conducting  material  connects  the  dissimilar  metals  and  the 
poxnt  of  contact  of  the  two  is  heated,  an  EMF  is  developed  which  causes  current  to  flow 
xn  the  connecting  wire.     Note  that  the  copper  gives  up  its  free  electrons  v^ich  flow 
through  the  connecting  wire  to  the  iron.     This  gives  a  negative  and  positively  charged 
body  which  causes  current  flow. 

°  is  another  method  used  to  produce  EMF. 


o       What  is  a  thermocouple? 


The  thxrd  method  used  to  produce  EMF  is  by  magnetism.    When  a  current  flows  through 
a  conductxng  material  a  magnetic  field  is  set  up  around  the  material.     if  we  take  a 
copper  wire  and  form  it  into  a  coil,  the  magnetic  field  will  be  very  strong.     Now  if  we 
take  another  copper  wire  and  move  it  through  the  magnetic  field  we  will  produce  an 
electromotive  force  in  the  moving  wire.     In  order  to  produce  EMF  by  magnetism,  we  must 
have  three  necessary  factors:     a  magnetic  field,  a  conducting  material,  and  relative 
motxon. 

o        The  third    method  used  to  produce  EMF  is  by  ^  

o        What  happens  when  current  flows  through  a  conducting  material? 
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The  three  necessary  factors  to  produce  EMF  by  magnetism  ares 


1. 


2. 


3. 


Now  let  us  review.     Current  is  the  moven^ent  of  free  electrons  through  a  conducting 
material.     The  unit  charge  transferred  by  moving  electrons  is  expressed  in  coulombs.  The 
rate  at  which  the  unit  charge  flofw  is  measured  in  amperes.     The  external  force  or 
electrical  pressure  that  cause  a  continuous  current  flow  is  known  as  electromotive  force # 
and  the  unit  of  measurement  for  it  is  the  volt.     There  are  three  methods  of  producing 
this  EMF.     One  method  utilizes  chemical  action  between  two  different  metals  in  a  solution 
of  acid  and  water.     Another  method  utilizes  two  different  metals  and  heat.     The  third 
method  involves  rotating  conductors  (wire)  through  a  magnetic  field.     Each  method  creates 
more  electrons  at  one  point  than  at  the  other  —  thus  current  flow. 

o        What  is  current?  .  


o        What  is  electromotive  force? 


o        Two  methods  of  producing         are  chemical  and 


o        What  does  the  third  method  involve? 


The  drift  of  free  electrons  'Through  a  conducting  materiea  is  called  current  flow. 
To  set  this  stream  of  electrons  in  motion «  we  must  have  an  electrical  pressure  v^ich  we 
call  the  electromotive  force.     Since  an  electrical  current  is  dependent  on  moving 
electrons «  any  collision  with  other  electrons  or  recombining  with  other  atoms  for  a  short 
period  of  time  will  tend  to  oppose  or  resist  current  flow  in  the  conducting  material.  In 
other  words #  when  electrons  are  forced  through  a  conducting  material,  the  friction 
between  the  electrons  and  atoms  which  form  the  material  holds  back  the  electron  flow  and 
this  restriction  is  called  opposition  to  current  flow. 

o        What  is  needed  to  set  electrons  in  motion? 


o        When  electrons  are  forced  through  a  conducting  material,  the  restriction 
created  is  called 


The  opposition  to  the  flow  of  current  offered  by  a  conducting  material  is  called 
resistance.     All  conducting  material  has  a  certain  amount  of  resistance.     The  amount  of 
resistance  in  a  material  depends  on  the  niamber  of  valence  electrons  that  can  be  detached 
fyan  the  atom  and  become  free  electrons.     Materials  which  offer  the  greatest  opposition 
to  current  flow  are  those  that  will  not  easily  give  up  the  valence  electrons  around  its 
atom.     We  say  that  these  materials  have  high  resistance. 

o        Wilt*;,  is  the  opposition  to  current  flow  called?  


o        True  or  False  (circle  one).     Materials  that  do  not  easily  give  up  the  valence 
electrons  around  its  atoms  are  said  to  have  high  resistance. 
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o       The  three  necessary  factors  to  produce  EMF  by  magnetism  are: 
1- 


3- 


The  opposition  of  a  material  to  a  steady  electron  flow  is  called  its  resistance. 
The  flow  of  current  in  a ^material  depends  upon  its  molecular  structure  and  the  ease  with 
which  electrons  can  be  detached  from  the  atom  of  the  material,     'le  easier  it  is  to 
detach  electrons  from  the  atom,  the  more  free  electrons  there  are  to  contribute  to  the 
flow  of  current.     The  more  electrons  flowing  the  less  resistance  there  is  in  the 
material. 

o        The  opposition  of  a  material  to  steady  electron  flow  is  called 


o        The  more  electrons  flowing,  the    resistanc 

there  is  in  the  material, 

o        The  flow  of  current  in  a  material  is  dependent  upon 


The  unit  of  measurement  for  resistance  is  called  an  ohm,  and  the  instrument  by  which 
resistance  is  measured  is  called  em  ohmmeter.     Just  as  the  volt  and  ampere  are  units  of 
measurement,  the  ohm  is  a  unit  of  measurement  for  resistance.     When  we  measure  the 
opposition  of  current  flow  of  a  material,  we  express  the  results  in  ohms  of  resistance. 


The  opposition  to  the  flow  of  current  offered  by  a  conducting  material  is  called 
resistance.     Now  let's  talk  about  some  of  the  things  that  affect  resistance.  Different 
materials  have  a  different  resistance  to  the  flow  of  electrons.     our  lesson  on  Atomic 
Structure  pointed  out  that  some  materials  gave  up  electrons  easier  than  others . 
Materials  such  as  gold,   silver,  copper,  and  aluminum  which  have  one,  two,  or  three 
valence  electrons  make  the  best  conducting  material .     The  valence  electrons  of  these 
materials  can  be  easily  removed  from  their  atoms  and  become  free  electrons.     If  we  apply 
an  external  force,  we  can  move  these  electrons  in  a  desired  direction  with  very  little 
opposition.     other  materials  such  as  wood,  glass,   and  rubber,  are  composed  of  atoms  with 
tightly  held  electrons.     These  materials  offer  considerable  resistance  to  the  transfer  of 
electrons. 

o        Materials  such  as  , 


and       •  make  the  best  conducting  materia-  . 

o        Materials  such  as   ,    ,  and 


The  type  of  material  is  probably  the  most  important  factor  affecting  the  resistance 
of  a  material.     However,  there  are  other  factors.     The  longer  the  conducting  material, 
the  higher  the  resistance  is  going  to  be.     The  resistance  to  moving  electrons  depends  on 
the  number  of  collisions  with  other  electrons  and  atoms.     Therefore,  the  grei^ter  the 
length  of  the  material,  the  greater  will  be  the  number  of  collisions,  and,  consequently, 
the  more  resistance.     If  a  conductor  one  foot  long  has  a  resistance  of  5  ohms,  then  a 
conductor  made  of  the  same  material  two  feet  long  would  have  10  ohms  resistance. 


2. 


o 


What  is  the  unit  of  measure  for  resistance? 


o 


What  is  the  instrument  used  to  measure  resistance? 


offer  considerable  resistance  to  current  flow. 
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study  the  illustration. 


one  foo  long 


5  ohms 


copper  wire 


same  material 


10  ohms 


two  feet  long 


o        Name  two  factors  affecting  the  resistance  of  a  conductor 
1  • 


The  next  factor  is  the  cros8-sectional  area  (how  big  around  it  is)  of  the  material. 
The  effect  of  the  cross-sectional  area  is  opposite  the  effect  caused  by  the  length  of  the 
material.     A  material  one  foot  long  and  1/4  inch  in  diameter  has  a  resistance  of  10  ohms. 
A  conductor  made  of  the  same  material,  one  foot  long  but  1/2  inch  in  diameter,  would 
have  2.5  ohms  of  resistance.     The  greater  the  cross-sectional  area,  the  greater  space  the 
electrons  will  have  to  move  before  bumping  into  other  electrons  or  atoms.     Reduce  the 
collisions  between  electrons  and  resistance  is  reduced.  The  resistance  of  a  material  is 
directly  proportional  to  the  length  and  inversely  proportional  to  the  cross- sectional 
area  of  the  material . 


Study  the  illustration. 

 one  foot  long 

I   

I         10  ohms 


I   1/4  inch  in  diameter 


I 


1/4  inch  in  diameter 


10 
ohms 


two  feet  long 


20  ohms 


-  SAME  MATERIAL  - 


I  1/4  inch  in  2.5 
I  diameter  ohms 


1/2  inch  in  diameter 


The  cross-sectional  area  is  another  factor  that  affects 


proportional  to  the  length 


o        The  resistance  of  a  material  is   

and  inversely  proportional  to  the  cross- sectional  area. 

We  have  covered  three  of  the  factors  affecting  the  resistance  of  a  material.  They 
are  the  type,  length,  and  cross-sectional  area  of  the  material.     The  fourth  and  last 
factor  is  the  temperature.     As  heat  is  appliedto  a  material,  movement  of  electrons 
increases.     This  increase  in  electron  movement  causes  more  collisions  between  the 
electrons  and  these  collisions  cause  the  resistance  to  increase.     If  current  is  forced 
through  a  material  that  offers  considerable  opposition  to  the  transfer  of  electrons,  the 
temperature  will  be  high.     Current  flow  in  any  conductiong  material  will  produce  some 
heat.     However,  it  is  the  increase  of  the  external  temperature  that  will  cause  the 
increase  of  resistance  in  a  material. 
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o       What  is  the  four1:h  factor  that  affects  resietance?   

o        Current  flow  in  any  conducting  material  will  produce  some 


In  order  to  have  current  flow,  the  electrons  must  have  a  path  to  move  through.  An 
electrical  circuit  is  a  closed  path  for  the  flow  of  electrons.     The  starting  point  is 
some  type  of  device  to  create  electromotive  force,  such  as  a  battery.     The  circuit  is  not 
complete  until  the  conducting  path  can  be  traced  back  to  the  starting  point  where  the 
electromotive  force  originates.    This  conducting  path  is  known  as  a  conductor. 

o        What  is  an  electrical  circuit? 

o        The  conducting  path  is  known  as  a   . 


Hatch  the  letter  of  each  term  to  the  appropriate  definition  in  the  left  hand  column. 

Definition  Term 

1.     A  unit  of  measurement  for  a.  Volt 

electr^otive  force 


2.     A  unit  of  measurement  for  b.  Ohm 

current  flow 


3.    A  unit  of  measurement  for  c.  Amperes 

resistance 


4.     A  path  through  v^ich 
electrons  can  move 


5.     Opposition  to  current 
flow 


A  conductor  is  constructed  of  material  that  offers  small  opposition  to  the  flow  of 
electrons.     Material  of  this  type  has  valence  electrons  that  easily  become  free  electrons 
when  an  electromotive* force  is  applied.     In  contrast  to  good  conductors,  some  materials 
are  composed  of  atoms  with  tightly  held  valence  electrons.     The  valence  shell  is  almost 
complete,  and  few  electrons  escape  to  become  free  electrons.     Such  materials  offer  great 
opposition  to  the  movement  of  electrons  between  atoms.     Materials  which  offer  the 
greatest  resistance  to  current  flow  are  used  as  insulators. 

o        What  is  a  conductor  made  of?  


o        Materials  which  offer  the  greatest  resistance  to  current  flow  are  used  as 


Now  let's  review  the  conductor  -  insulator  area.     Substances  that  permit  the 
movement  of  a  large  number  of  free  electrons  are  called  conductors .     The  greater  the 
nuxnber  of  electrons  that  can  be  made  to  move  in  a  material  under  the  application  of  a 
given  electromotive  force,  the  better  are  the  conductive  qualities  of  that  material*  An 
insulator  is  a  substance  thai,  has  few  free  electrons.     Since  current  flow  depends  upon 
the  movement  of  free  electrons,  the  l&ck  of  free  electrons  in  an  insulator  will  prevent 
the  flow  of  current.     The  insulation  on  the  electrical  wiring  prevents  the  current  from 
jumping  to  other  devices  or  being  knocked  into  space. 
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o       What  is  a  conductor? 


o        What  is  an  insulator? 


We  said  that  a  good  conductor  is  a  material  that  offers  small  opposition  to  the  flow 
of  electrons  (current).     Actually,  what  we  ar^  saying  is  that  a  good  conductor  will 
readily  accept  or  give  up  its  valence  electrons.     Thus,  a  very  small  force  or  amount  of 
energy  (electromotive  force)  will  cjiuse  such  el^trons  to  be  moved  from  the  atom  and 
become  free  electrons  to  contribute  vo  the  flow  of  current.     Some  of  the  materials  that 
will  do  this  for  us  are  copper,  aluminum,  iron,  platinum,  and  silver.     In  general  all 
metals  are  good  conductors. 

o        Will  a  good  conductor  readily  accept  or  give  up  its  valence  electrons? 
o        List  4  materials  that  make  good  conductors  (1) 


(2)  (3)    (4) 

We  said  that  an  insulator  is  a  material  that  offers  great  opposition  to  the  movemeat 
of  electrons.     An  insulator  has  electrons  just  as  all  materials  have,  but  it  has 
practically  no  free  electrons.     The  valance  electrons  have  combined  with  other  vaJ ence 
electrons  to  complete  the  valence  shell,  leaving  no  free  electrons  available  for  current 
flow.     Pubber^  glass,  paper,  dry  air,  mica,  and  bakelit^L  are  examples  of  good  insulating 
materials. 

o        Does  an  insulator  have  many  free  electrons?  . 

o        Write  the  names  of  four  good  insulators. 

1.  

2. 

3.  

4. 


It  is  incorrect  to  say  that  all  materials  are  either  conductors  or  insulators 
because  there  is  no  sharp  dividing  line.     The  best  conductors  are  used  to  carry  current 
and  the  pooreet  conductors  are  used  as  insulators  to  prevent  current  flow.     All  substance 
offers  some  opposition  to  current  flow.     This  opposition  is  called  resistance. 
Insulators  have  great  resistance,  while  conductors  have  little  resistance.     The  best 
insulators  -  that  is,  the  poorest  conductors  are  rubber,  glass,  paper,  dry  air,  gas, 
mica,  and  bakelite.     The  best  conductors  are  the  metals  and  acids. 

Identify  the  materials  that  are  used  as  insulators  and  the  materials  used  as 
conductors  by  placing  an  "l"  or  "c"  in  the  appro^priate  blank. 

Rubber    Mica   

Glass    Iron 

Paper  ^  Platinum  

Copper    Silver   

Aluminum    Bakelite  

t)ry  air    Gas 
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By  now  you  should  be  familiar  with  the  terms  -  electromotive  force  v^ich  is  measured 
in  volts,  current  %^ich  is  measured  in  amperes,  and  resistance  which  is  measured  in  ohms. 
When  \te  speaX  of  electromotive  force,  we  will  call  it  voltage.     Voltage  by  itself  does 
not  contain  energy,  and  voltage  by  itself  can  do  no  work.     The  same  is  true  of  current 
alone.     To  transmit  energy  and  to  do  vorlc,  voltage  and  current  must  act  together •  If 
voltage  and  current  are  to  act  together,  there  must  be  a  conductor  for  the  current  to 
move  through,  and  some  device  to  be  acted  upon.     The  conductor  roust  start  at  the  source 
of  voltage,  go  to  the  device  acted  upon,  and  return  to  the  source  of  voltage.    We  have 
described  what  is  called  an  electrical  circuit* 

o        What  is  voltage? 


o        To  transmit  energy  and  to  do  work,    and   

must  act  together. 

Now  let's  discuss  the  effects  of  current  flow  on  the  circuit  and  electrical  devices* 
One  effect  of  curr^ent  flow  is  heat.    The  heating  effect  of  current  is  produced  when 
electrons  are  forced  to  move  in  a  material  which  has  high  resistance-     The  movement  of 
electrons  in  high  resistance  material  produces  high  internal  friction  and  results  in  the 
production  of  heat.     The  filament  in  lamp  bulbs  has  such  high  resistance  that  when 
electrons  move  through  this  filament  it  heats  to  a  v^ite  hot  condition  and  gives  off 
light.     Current  flow  in  any  conductor  will  produce  some  heat,  but  to  take  advantage  of 
the  heating  effect,  high  resistance  materials  are  used.     Thia  heating  effect  is  used  in 
many  places  including  electric  stoves,  heating  pads,   soldering  irons,  etc. 

o       What  is  one  effect  of  current  flow? 


o        Why  are  hiqh  resistance  materials  used  on  electric  stoves? 


Current  produces  chemical  action  when  it  flows  through  a  liquid*     Example  of  this 
effect  are  the  charging  of  a  battery.     The  chemical  reaction  causes  the  acid  to  remove 
electrons  frora  one  plate  and  store  them  on  the  other  plate.     When  an  outside  circuit  is 
connected  between  the  terminals  of  the  plate,  a  current  will  flow  until  the  solution  of 
acid  is  neutralized  by  the  matcidls  of  the  battery  plate.     In  this  state,  the  battery  is 
ccxnpletely  discharged  and  will  not  produce  electromotive  force-     If  a  current  is  forced 
through  the  battery  in  an  opposite  direction,  the  chemical  effect  of  the  current  will 
separate  the  acid  elements  from  the  plate  material.     The  battery  will  be  restored  to  its 
former  charged  condition.     Other  uses  of  the  chemical  effects  of  current  flow  include 
electroplating  of  metals,  and  commer'^ial  production  of  hydrogen,  oxygen,  and  chlorine 
gases « 

o        Current  produces   action  when  it  flows  through  a  liquid. 

o        Give  one  example  where  chemical  action  occurs?   


The  magnetic  effect  of  current  flow  gives  us  the  operation  of  telephones,  telegraph, 
lifting  magnets,  electrical  meters,  motors,  and  transformers.     This  is  perhaps  the  most 
used  of  the  various  effects  of  current  flow.     When  current  flows  through  a  wire,  a 
magnetic  field  is  set  up  around  the  wire.     The  direction  and  strength  of  the  magnetic 
field  will  be  determined  by  the  direction  and  strength  of  the  current  producing  it.  The 
magnetic  field  around  a  current  carrying  wire  is  composed  of  circular  lines  of  magnetic 
force.    As  you  know,  electromotive  force  is  produced  by  rotating  a  conductor  through  the 
field  of  force.     Th    above  named  devices  also  operate  in  a  similar  manner  because  of  the 
magnetic  effect  caused  by  current  flow. 

o        Wliat  will  the  strength  of  a  magnetic  field  around  a  conductor  be  determined  toy? 


o        How  is  electromotive  force  produced? 
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The  shock  effect  of  current  is  a  very  undesirable  effect.     This  shock  is  caused  by 
the  passage  of  current  through  the  body  or  a  portion  of  the  body  and  is  caused  by  contact 
with  a  current-carrying  conductor.    The  results  are  burns  and  a  paralyzing  effect  on  the 
heart  and  chest  muscles.     A  current  of  only  a  fraction  of  an  ampere  flowing  through  the 
hximaun  body  is  usually  fatal. 

o        The  most  undesirable  effect  of  current  is 


o        What  are  the  results  of  shock? 


Current  which  flows  steadily  in  the  same  direction  such  as  the  current  flow  caused 
by  a  battery  is  called  direct  current,  and  is  abbreviated  as  DC.     The  curi-ent  used  in 
most  appliances  in  your  home,  such  as  irons,  lights,  or  refrigerators,  does  not  flow 
steadily  in  the  same  direction  but  flows  first  in  one  direction  and  then  in  the  opposite 
direction  at  regular  intervals.     It  is  produced  by  the  mag^ietic  field  of  a  generator. 
This  kind  of  current  is  called  alternating  current,  and  it  is  abbreviated  as  AC- 

o        Current  that  flows  in  one  direction  is  called 


o        What  is  current  that  flows  first  in  one  direction  and  then  in  the  opposite 
direction  called? 


A  magnet  is  of  metal,  usually  iron  or  steel  that  has  the  characteristic  of  the 
capacity  for  becoming  magnetized.     Magnets  have  certain  properties  such  as  the  ability  to 
attract  other  magnetic  materials.     Studies  show  that  all  *:iagnets  are  governed  by  certain 
natural  laws. 
Types  of  Magnets 

A  natural  magnet  as  mentioned  is  a  piece  of  magnetite,  a  kind  of  iron  ore.  The 
ancients  knew  the  properties  of  this  ore  and  called  it  lodestone,  which  means  "leading  . 
stone".     The  only  use  found  for  it  was  in  making  magnetic  comi^asses  for  telling 
direction.     In  modern  times,  scientists  have  discovered  more  about  magnets  and  the 
relation  of  magnetism  to  electricity. 

Artificial  magnets  are  man-made  magnets.     Scientists  have  found  ways    -o  magnetize 
certain  materials.     Magnetic  substances  such  as  iron,  steel,  and  nickel     ..  >.j  oe 
magnetized  by  using  magnetic  induction.     Nonmagnetic  materials  such  as  glass,  wood^  etc., 
cannot  be  magnetized  by  any  means. 

If  the  head  of  an  iron  nail  is  placed  under  a  magnet  so  that  its  head  touches  the 
magnet,  the  lower  end  of  the  nail  will  hold  up  several  tacks.     The  nail  has  been  made 
into  a  magnet  by  touching  the  magnet.    We  say  that  the  magnetism  is  induced  into  the 
nail.     This  is  commonly  called  magnetic  induction.     Curiousjly  enough,  the  naJl  does  not 
need  to  be  in  contact  with  the  magnet  in  order  for  magnetism  to  be  induced.     If  you  will 
bring  the  nail  directly  under  the  magnet  but  not  touching  it,  the  nail  will  still  hold 
one  or  more  tacks,  showing  that  magnetism  has  been  induced  into  it.     However,  in  both 
cases,  as  soon  as  the  magnet  is  removed,  the  nail  will  lose  its  magnetism.     Thus,  the 
magnetism  induced  in  an  iron  nail  makes  it  only  a  temporary  magnet,  because  it  loses  its 
magnetism  soon  after  it  is  rei^oved  from  the  magnetic  field, 

o        What  type  of  materials  are  natural  magnets  made  of?  


o        What  is  magnetic  induction? 


o        What  is  a  temporary  magnet? 


MAGNETISM 


Magnets 
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Magnets  that  keep  their  magnetism  for  a  long  period  of  time  after  being  removed  from 
a  magnetic  field  are  called  permanent  magnets.     Magnets  of  this  kind  are  usually  made  by 
an  electric  method.     If  you  put  a  piece  of  iron  and  a  piece  of  steel  in  a  wire  coil  etnd 
pass  dc  current  through  the  coil  magnetizing  them,  they  would  both  pick  up  about  the  same 
number  of  tacks  While  the  current  is  on.     But,  when  the  current  is  turned  off  etnd  the 
pieces  are  taken  out  of  the  coil  of  wire,  you  will  find  that  the  piece  of  steel  will  be 
able  to  pick  up  more  tacks  than  the  piece  of  iron.     In  fact,  the  iron  usually  loses  most 
of  its  magnetism  as  soon  as  the  current  stops  flowing  through  the  coil  of  wire.     One  of 
the  best  permetnent  magnets  made  today  is  called  Alnico.     This  is  an  alloy  or  a 
combination  of  nwtals.     It  is  made  of  aluminum,  nickel,   iron,  and  cobalt.     Steel  is  an 
alloy  and,  of  course,  is  a  good  magnetic  material. 

The  induced  magnetism  that  remains  in  a  magnet  substance  after  the  magnetizing  force 
has  been  removed  is  called  rtssidual  magnetism.     Because  steel  and  certain  alloys  hold 
magnetism  for  a  long  period  of  time,  they  are  used  to  make  permanent  magnets.     Iron,  on 
the  other  hand,  is  used  to  make  temporary  magnets  and  is  a  temporary  magnet. 

Magnets  are  nade  in  many  shapes , 
according  to  their  use.  Comrion 
shapes  eure  the  bai*  and  horse>oe 
magnets.     A  keeper  ;a  piece  of  soft 
iron  connecting  the  poles),  should 
be  kept  on  the  magnet  to  enable  it 
to  maintain  its  strength.     See  Fig- 
ure 5  for  illustration  of  a  keeper. 
Magnets  are  usually  labeled  Nor%.h 
or  South  but,  if  th6y  are  not, 
there  are  ways  of  finding  the 
polarity:     bring  it  near  a  magnet 
of  known  polarity,  suspend  it  from 
a  string  allowing  it  to  point  North 
and  South,  or  use  a  compass. 


SOFT  IRON  KEEPER 


Figure  5 


Whcit  are  permanent  magnets? 


o        The  induced  magnetism  that  remains  in  a  magnetic  substance  after  the  magnetism 

lias  been  removed  is  called   and 

o        Nare  3  methods  to  find  the  polarity  of  an  unmarked  magnet, 
o  

o  

o   

Theory  of  Magnetism 

In  th^  theory  of  magnetism^,  it  is  usually  assumed  that  all  matter  is  made  up  of 
small  molecules  that  act  as  though  they  were  very  small  magnets.     For  msignetic  materials 
like  iron  or  steel,  these  magnets  are  strong;   in  all  other  materials,  the  magnets  are 
weak.     In  a  material  not  magnetized,  the  molecules  align  in  no  particular  position  and 
extend  in  every  direction  as  shown  in  Figure  6A.     v^^  .en  magnetized,  all  of  the  molecules 
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vill  line  up,  with  their  north  poles  pointing  in  one  direction,  as  in  Figure  6B.     In  soft 
iron,  the  molecules  tend  to  return  to  their  original  position  when  the  magnetizing  force 
is  removed,  so  the  magnetism  is  temporary  an<?  the  magnet  is  called  a  temporary  magnet. 
In  hard  steel,  the  molecules  tend  to  retain  their  magnetic  position,  and  the  magnet 
remains  magnetized  after  the  magnetism  force  is  removed.     The  hard  steel,  therefore, 
becomes  a  pemument  magnet.     The  magnetism  that  remains  after  the  magnetic  force  is 
removed  is  known  as  RESIDUAL  MAGNETISM,  as  previously  mentioned.     Heat  and  shock  will 
destroy  magnetism  because  they  give  the  molecules  and  opportunity  to  return  to  their 
original  position.     If  a  magnet  is  broken,  it  will  become  as  many  small  magnets  as  there 
are  pieces.     All  combined  will  have  the  strength  of  the  original.     (see  Figure  7.) 
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Figure  6 


Figure  7 .     Effects  of  Breaking  a  Magnet 


Wliat  do  the  molecules  do  when  a  material  is  maqnetized? 


What  will  heat  and  shock  do  to  a  magnet? 


Magnetic  Fields 

When  a  sheet  of  paper  is  placed  over  a  bar  magnet  and  iron  filings  are  scattered 
over  the  paper,  the  filings  will  arrange  themselves  in  definite  paths  or  lines  from  one 
pole  around  to  another,     (See  Figure  8.)     This  fact  shows  that  magnetism  acts  as  a  force 
and  arranges  the  particles  in  lines,  vhich  indicate  the  direction  of  magnetic  at*.ractiQn. 
These  lines  along  which  the  magnetic  forces  act  are  called  lines  of  magnetic  force,  Xines 
of  flux,  and  simply  lines  of  force-     The  space  around  a  magnet  througn  which  these  forces 
act,  and  in  which  other  magnetic  material  is  affected,  is  called  a  magnetic  field  or 
simply  the  field  of  a  magnet. 

If  the  bar  magnet,  as  shown  in  Figure  8,  is  held  endwise  to  the  paper,  the  filings 

will  arrange  themsleves  as  shown  in  Figure  9.     The  positions  taken  by  these  filings 

indicate  that  the  lines  of  force  radiate  from  the  north  poles  in  all  directions  and  enter 
the  south  pole • 
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BAR  MAGKET 


END  OF  BAR  MAGNET 


LONGITUDINAL  VIEW 
Figure  8 


CROSS-SECTIONAL  VIEW 
Figure  9 


o        What  are  the  lines  called  along  which  the  magnetic  forces  act? 


What  is  the  space  a::ound  a  macnet  called? 


It  should  be  understood  that  these  lines  of  force,  us  shown  by  the  filings  arise 
purely  imaginary;  therefore,  it  must  not  be  assumed  that  the  magnetic  forces  act  along 
these  lines  only  and  nowhere  else,  such  as  between  the  lines.     The  strength  of  the 
magnetic  tield  at  any  point  decreases  as  the  distance  of  the  point  from  the  magnet  or 
other  sources  of  magnetism  increases. 

DIRECTION  OF  LINES  OF  FORCE. 
Every  line  of  force  of  a  magnet  is 
assumed  to  pass  out  from  the  north 
through  the  surrounding  medium, 
and  return  into  the  south  pole; 
from  there  it  passes  through  the 
magnet  to  the  north  pole  again,  as 
sho'.^  in  Figure  10.     The  direction 
of  the  lines  of  force  is  indicated 
in  this  w^y,  and  the  path  that 
they  take  is  called  the  magnetic 
circuit.     Figure  11  also  illus- 
trates the  above  statement  very 
well . 

Although  a  line  of  force  may 
apparently  leave  the  end  of  a  mag- 
net and  disappear  into  space  as 
indicated  by  the  arrangement  of 
the  iron  filings  shown  in  Figure 
9,  it  must  eventually  return  to 
the  opposite  pole  of  the  same 
magnet. 


7iyure  10 
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The  direction  of  the  lines  of  force  in  emy  magnetic  field  can  be  traced  by  several 
compasses  as  shown  in  Figure  12,     The  north  pole  of  the  needle  will  always  point  in  the 
direction  of  the  lines  of  force,  or,  in  other  %^rds,  the  needle  always  turns  so  that  its 
axis  is  parallel  to  the  lines  of  force  at  that  place. 


Figure  11 

o        What  happens  to  the  strength  of  the  magnetic  field  as  the  distance  from  the 
magnot  increades?   


o        xf  thH  lines  of  force  leave  the  ends  of  a  magnet  must,  they  return  to  the 
magneu?   


aAR  iwucNcr  


Figure  12      Effects  of  Magnetic  Field  on  Comp^.ss  Needle 


ATTRACTION  AND  REPULSION-    When  a  north  pole  of  one  magnet  is  placed  near  the  south 
pole  of  another,  the  magnets  will  attract  each  other.     The  lines  of  force  that  come  from 
the  north  pole  of  the  first  magnet  move  through  air  to  the  south  pole  of  the  second 
magnet,  as  shown  by  the  iron  filings  in  Figure  13. 


Figure  13  Figure  14 

The  lines  of  force  continue  through  the  second  magnet,  pass  out  to  the  air,  and 
finally  return  to  the  south  pole  of  the  first  magnet.     The  lines  of  force  thus  pass 
through  both  magnets,  and  the  tension  in  these  lines  tends  to  pull  the  magnets  together. 
The  acuion  is  similar  to  that  which  would  be  experienced  if  the  lines  of  force  were 
replaced  by  stretched  rubber  bands. 

When  a  north  pole  of  one  magnet  is  placed  near  the  north  pole  of  another,  the 
magnets  will  repel  each  other.    The  lines  of  force  may  be  represented  by  the  iron  filings 
above  the  magnets  as  before,  but  this  time  they  will  appear  as  shown  in  Figure  14. 

There  will  be  a  crowding  together  of  these  lines  of  force  as  indicated,  which 
exjtaains  the  repelling  action.    Again  these  lines  of  force  may  be  considered  as  rubber 
bands  which,  when  crowded  into  a  small  space,   exert  a  sidewise  pressure  on  one  another, 
thereby  tending  to  separate  the  magnets.     Note  that  the  lines  of  force  in  this  diagram  do 
not  intersect  or  the  lines  of  force  do  not  cross  each  other. 

From  the  facts  which  have  been  stated  and  illustrated,  the  fundamental  law  of 
magnets  is  established:     like  poles  repel  each  other,  whereas  unlike  magnetic  poles 
attract  each  other.   ^  -  ^  

o        What  will  happen  if  you  place  a  north  pole  of  a  magnet  near  a  south  pole  of 
another  magnet?   


o        What  is  the  fundamental  law  of  magnets? 


MAGNETIC  INDUCTION.     When  a  magnetic  substance  such  as  iron  is  brought  into  a 
magnetic  field  so  that  the  magnetic  lines  of  force  pass  through  it,  the  substance 
immediately  becomes  magnetic.     The  lines  of  force  are  assumed  to  crowd  together  and  tend 
to  pass  through  the  magnetic  substance  as  indicated  in  figure  27  because  it  is  a  better 
conductor  for  lines  of  force  than  the  surrounding  air. 


( 
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Figure  15 


In  this  illustration,  a  small  rectanguleo:  piece  of  iron  is  placed  in  the  magnetic 
field  of  a  bar  magnet.     The  substance  so  magnetized  is  usually,  however,  only  a  temporary 
magnet.     When  it  is  removed  fron  the  magnetic  field,  its  magnetism  usually  disappears. 
While  under  the  influence  of  the  magnetic  field,  the  substance  behaves  as  does  any  magnet 
and  has  polarity  which  is  so  distributed  that  its  south  pole  is  the  one  where  the 
magnetic  lines  enter  it;  whereas  its  north  pole  is  in  that  portion  of  substance  where  the 
magnetic  lines  leave  it.     This  method  of  producing  magnetism  in  a  magnetic  substance  is 
called  magnetic  induction  as  previously  mentioned. 

o        What  is  magnetic  induction?   


o        Will  the  piece  of  soft  iron  in  Figure  15  retain  its  magnetism  when  removed 
from  the  magnetic  field? 


MAGNETIC  SCREEN.     When  a  mag- 
netic material  such  as  soft  iron 
is  placed  near  a  magnetic  field, 
the  lines  of  force  of  the  field 
will  tend  to  pass  through  the  iron 
instead  of  the  surrounding  air,  as 
the  iron  provides  on  easier  path 
and  is  said  to  have  high  perme- 
ability.    (See  Figure  15.)  This 
principle  is  used  in  the  magnetic 
screen,  which  provides  a  space  in 
the  magnetic  field  that  is  free 
frcni  the  lines  of  force  as  indi- 
cated in  Figure  16.     The  iron  at 

(a)  is  rectangular  in  shape  and 
the  air  space  free  from  the  flux 

(b)  is  shown  at  (c).     This  condition  could  not  be  obtained  by  surrounding  the  space  by 
glass,  procelain,  copper,  or  other  nonmagnetic  material,  since  the  reluctance 
(opposition)  to  lines  of  force  of  these  is  about  the  same  as  that  of  air.     The  magnetic 
screen  is  sometimes  used  to  shield  delicate  measuring  instruments  from  stray  fields  and 
th'^reby  increase  their  efficiency. 

o        What  happens  when  soft  iron  is  placed  near  a  magnetic  field? 


Why  is  a  magnetic  screen  sometimes  used  with  delicate  measuring  instruments? 


Electrcxaagnetisni 


You  have  studied  both  electricity  and  magnetism.    Magnetism  is  a  result  of 
electricity  and  electricity  is  a  result  of  magnetism. 

The  production  of  magnetism  is  accomplished  by  the  fact  that  a  current  carrying 
conductor  is  surrounded  by  a  magnetic  field.     Electricity  is  generated  by  a  mechanical 
means  (generator)  and  is  created  by  electro-motive  induction. 

Electromagnets  come  in  all  shapes  and  sizes.     Some  are  so  small  they  will  fit  in  the 
top  of  your  pen  amd  some  are  so  large  they  can  lift  tens  of  iron.     For  example,  a  very 
powerful  electromagnet  has  been  invented.     It  is  the  size  of  a  donut  and  weighs  one 
pound,  yet  it  has  33  times  the  strengtAi  of  an  old-type  electromagnet  weighing  20  tons. 
For  every  size  and  shape  of  electromagnet,  there  are  many  jobs  such  as  doorbells, 
buzzers,  relays,  solenoids,  meters,  telephones,  generators,  motors,  transformers,  and  so 
forth  (see  Figure  17). 
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o       What  are  mome  uses  of  electromagnets? 


iiiectromagnets  are  like  permanent  magnets  in  their  attraction  but  unlike  in  their 
control.    Their  attraction  may  be  tremendous.     They  can,  when  properly  constructed,  hold 
tons  of  iron,  but  because  these  magnets  are  controlled  by  an  electric  current,  the 
magnetism  can  be  turned  on  and  off  with  the  flick  of  a  switch. 

Electromagnets  are  usually  constructed  with  a  coil  of  wire  surrounding  a  soft  iron 
core.     To  understand  how  electromagnetism  works,  you  must  understand  the  characteristics 
of  conductors  %^en  they  are  carrying  current. 

o        How  are  electromagnets  usually  constructed? 


THE  MAGNETIC  FIELD  AROUND  A  CONDUCTOR.     All  conductors  carrying  current  are 
surrounded  by  a  field  of  flux.     This  was  discovered  by  Hans  C.  Oersted  in  1820.     This  can 
be  proven  by  connecting  a  wire  to  a  battery  and,  as  in  Figure  18,  dip  the  wire  in  iron 
filings.     The  filings  are  attracted  and  held  to  the  wire.     Now  disconnect  the  wire — the 
filings  will  drop  off.     This  is  proof  that  the  FIELD  EXISTS  ONLY  WHEN  CURRENT  IS  FLOWING. 


Visualize  passing  the  conductor  through  a  hole  in  a  piece  of  cardboard  as  shown  in 
Figure  19.     Connect  the  wire  to  a  battery  and  sprinkle  iron  filings  on  the  cardboard. 
The  filings  outline  the  exact  shape  of  the  field. 

Two  characteristics  stand  cut:     (1)  the  field  is  circular  around  Uife  conductor  and 
(2)  no  lines  cross. 


o 


When  does  a  magnetic  field  occur  around  a 
re? 


Figure  18.     Magnetism  Produced 
by  Current 
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Figure  19.    Magnetic  Field  Around  a  Conductor 
What  are  two  characteristics  that  stand  out  about  current  carrying  conductors? 


TAIL  or  AN  ARROW 


DiRCCTrOM  or  CURKNT 


HEAD  or  AN  ARROW 


CROSS-SECTIDN  or 
CONDUCTOR  AND 
MAGNETIC  riELD 

Showing  current 
.  flowing  away 

rROM  OBSERVER 


MAGNETIC  riELD  ABOl'T  A  CONDUCTOR 


CROSS-SECnOM  Of 
CONDUCTOR  AND 
MAGNETIC  FIELD 
SHOWING  CURRENT 
FLOWING  TOWARD 
OBSERVCR 


Figure  20.     Magnetic  Field  About  a  Conductor 

The  magnetic  field  around  a  current-carrying  conductor  surrounds  the  wire  for  its 
entire  length.     (See  Figure  20.)     The  field  is  strongest  near  the  conductor  and  gets 
weaker  the  further  you  get  away  from  the  conductor.     The  magnetic  circles  around  a 
conductor  are  in  the  same  direction. 


o        The  magnetic  field  around  a  conductor  is 
the  conductor. 


near 


Place  compasses  around  the  conductor  as  shown  in  Figure  21.     The  "N"  end  of  all 
compasses  point  in  the  direction  of  the  magnetic  lines  of  force.     This  shows  that  the 
magentic  lines  of  force  are  circular  around  the  wj.re. 
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DIRECTION  OF  CURRENT 
IN  A  CONOUCTOR 
HAVING  A  CLOCKWISE 
MAGNETIC  FIELO 


OIRECTION  OF  CURRENT 
IN  A  CONOUCTOR 
HAVING  A  COUNTER- 
CLOCKWISE MAGNETIC 
FIELO 


FLUX  IN  A  MAGNETIC  FlELO 


Figure  21.     Direction  of  Magnetic  Field  Around  a  Conductor 

Leave  the  compasses  in  place  and  reverse  the  current  direction  (switch  battery 
sctxons).     All  the  compass  points  now  reverse.     This  shows  that  the  direction  o: 


connect 

magnetic  lines  of  force  are  deterained  by  the  direction'of  current^'flow. 
commonly  called  the  left-hand  rule. 


of  the 


This  is 


Direction  of  magnetic  lines  of  force  are  determined  by  the  direction  of 


The  magnetic  field  around  a  single  conductor  is  of  little  use  since  it  is  normally 
too  weaX  to  exercise  much  attraction.     If  you  form  a  number  of  loops  close  together,  you 
can  concentrate  the  strength  of  the  magnetic  field  and  create  polarity.     it  is  important 
to^have  polarity  since  these  are  the  points  of  greatest  magnetic  concentration  (Figure 

The  strength  of  an  electro- 
magnet is  determined  principally 
by  three  things:     (1)     the  number 
of  turns  in  a  coil,   (2)     the  amount 
of  current  flowing  in  the  conductor, 
and  (3)     the  type  of  material  in  the 
core. 


Figure  22.     Conductor  Formed  Into  Loop 
List  the  factors  that  determine  the  strength  of  an  electromagnet, 
a. 


b. 


c . 


, ELECTROMAGNETIC  INDUCTION.     A  magnetic  field  can  be  made  to  create  an  EMF 
(electromotive  force,  voltage),  and  thereby  cause  a  current  to  flow  in  a  closed  loop 
This  creation  of  an  EMF  is  accomplished  by  moving  a  conductor  so  that  it  cuts  across 
lines  of  force,  or  by  moving  the  lines  of  force  so  that  they  cut  across  the  conductor. 
The  relative  motion  is  illustrated  in  figure  35. 
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Figure  2  3 

In  Figure  23,  if  the  conductor  is  moved  back  and  forth  between  the  pole  faces  so 
that  its  motion  is  parallel  to  the  direction  of  \:he  magnetic  lines  of  force  and  therefore 
not  cutting  them,  there  will  be  no  deflection  on  a  meter  connected  to  the  conductor. 
This  demonstrates  that  there  is  no  induced  voltage.     As  the  angle  between  the  lines  of 
force  and  the  path  of  the  conductor  is  increased,  the  deflection  on  a  meter  increases 
until  the  maximum  deflection  is  reached  when  the  conductor  is  moving  at  right  angles  to 
the  field.     It  may  be  stated,  therefore,  that  a  conductor  moving  parallel  to  magnetic 
lines  of  force  will  have  no  EMF  induced  in  it,  while  one  moving  at  right  angles  to  the 
field  will  have  a  maximum  EMF  inducted  in  it.     This  action  leaves  an  excess  of  electrons 
at  one  end  and  a  deficiency  of  electrons  at  the  other  end.     This  is  voltage  or  difference 
in  potential. 

o        How  is  an  EMF  created  using  a  magnetic  field? 


o        Will  an  EMF  be  induced  when  a  conductor  is  moved  parallel  to  the  magnetic 
lines  of  force? 
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STANDARD  ELECTRICAL  SYMBOLS 


Switches:     A  switch  is  a  device  used  to  control  the  circuit  by  making  or  changing 
connections.     Many  different  types  of  switches  may  be  xined  to  control  a  circuit. 
For  Example t 


SINGLE- POLE 
SINGLE-THROW  SWITCH 

SINGLE- POLE 
DOUBLE-THROW  SWITCH 


DOUBLE-POLE  SINGLE-THROW 


DOUBLE- POLE  DOUBLE-THROW 


What  is  the  purpose  of  a  switch? 


Overcurrent  Devices 

It  is  impossible  for  an  electric  current  to  flow  through  a  conductor  without  heating 
the  wire.     As  the  temperature  of  the  conductor  increases,  the  insulation  may  become 
overheated  and  lead  to  insulation  breakdown. 

Overheating  of  Conductors  may  become  a  serious  fire  hazard.     To  protect  conductors 
and  their  insulation  an  overcurrent  device  is  installed.     Any  device  that  limits  the 
current  in  a  conductor  to  a  predetermined  amperge  is  termed  an  overcurrent  device. 

o        What  occurs  when  electric  current  flows  through  a  conductor? 


o        Why  is  overheating  of  a  conductor  dangerous? 


There  are  many  different  types  of  overcurrent  devices.     The  two  most  common  types 
are  fuses  and  circuit  breakers. 

Fuses  (Plug  Type) 

There  are  several  different  types  of  fuses.     The  most  common  type  fuse  is  called  a 
"Plug  Fuse".     A  plug  fuse  consists  of  a  fusible  link  enclosed  within  a  housing  which  is 
screwed  into  a  socket  similar  to  a  lamp  socket.     The  fusible  link  is  a  short  length  of 
metal  ribbon  or  wire  made  to  carry  a  predetermined  amperage,  but  melts  quickly  when  the 
current  is  to  high.     There  is  a  window  through  which  you  can  see  if  the  fuse  is  melted  or 
"  Bl  own  "  . 


Plug  type  fuses  range  from  1  to  30  amperes.     The  maximum  voltage  rating  for  the 
plug-type  fuse  is  125  volts.     Voltages  exceeding  125  volts  may  "ARC"  (jump)   across  the 
melted  points  and  by-pass  the  overcurrent  protection. 
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Plug-Type  Fuse 


What  is  the  most  common  type  fuse?  

What  happens        the  fusible  link  if  the  current  becomes  to  high? 


amperes , 


o        Plug  type  fuses  range  from    to  

Fuses  (Cartridge  Type) 

The  cartridge  fuse  is  not  commonly  used  in  the  home  because  of  the  high  current 
rating.    Most  cartridge  fuses  are  used  in  industrial  areas  and  are  the  only  type  that  can 
be  used  wher  current  of  more  than  30  amperes  is  involved. 

Cartridge  fuses  are  divided  into  two  types,  the  ferrule  type  and  the  knife-blade 
type.     The  ferrule  type  is  used  only  on  fuses  rated  from  1-60  amperes.     The  knife-blade 
type  is  used  from  1-6000  aunperes. 


CARTRIDGE  FUSE  WITH 
FERRULE  CONTACTS 


CARTRIDGE  FUSE  WITH 
KNIFE-BLADE  CONTACTS 


Cartridge  Fuses 

Cartridge  fuses  are  further  divided  into  renewable  and  nonrenewable  types.  Since 
only  the  fusible  link  is  destroyed  when  a  fuse  blows,  renewable  fuse  links  are  available 
for  replacement.     The  nonrenewable  types,  once  blown,  are  of  no  further  value,  and  the 
entire  cartridge  is  replaced. 

Ilie  diagrams  below  show  standard  electrical  symbols  for  fuses. 


Fuse 


Fuse 
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Why  are  cartridge  fuses  not  commonly  used  in  homes? 


o        The  two  main  types  of  cartridge  fuses  are  the 
and  the 


type 


Circuit  Breakers 

Circuit  breeJcers  are  overcurrent 
devices  designed  to  automaticaaiy  trip 
or  open  the  circuit  on  a  predetermined 
overcurrent  without  injury  to  itself. 
When  it  opens  a  circuit,  moving  a  handle, 
pushing  a  button,  etc.,  closes  the  cir- 
cuit again        there  is  nothing  to 
replace.     Th«  diagrams  below  are  the 
standard  electrical  symbol  for  circuit 
breakers • 


type, 


Internal  view  of  a  Conmion  Type  of 
Circuit  Breaker 


STANDARD  CIRCUIT  BREAKER 


THERMAL.  CIRCUIT  BREAKER 


MAGNETIC  CIRCUIT  BREAKER 


o        What  are  circuit  breakers  designed  to  do? 


o        What  must  be  replaced  when  a  circuit  breaker  trips? 


Much  of  your  time  will  be  spent  troubleshooting  equipment  you  are  required  to 
maintain.     In  order  to  understand  how  a  system  or  a  component  operates,  you  must  be  able 
to  Identify  the  following  electrical  symbols: 


1. 


BATTERY 


D.  C.  Source  of  Power 


D.   C.  GENERATOR 


D.  C.   Source  of  Power 


> 


THERMOCOUPLE 


A  device  that  generates 
electricity  by  joining  two 
dissimilar  metals  and 
heating  their  junction  (d.C, 
Power ) 
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lie 


ALVERKATOK 


Transformer 


A*  C*  Source  of  Power 


A  device  used  to  step-up  or 
step->dovm  voltage 


~~<B>- 
— ©— 


Motor 


Lamp,   light  bulb 


Coil 


A  device  that  transforms 
electrical  "Jiergy  into 
mechanical  motion 


A  device  used  to  change 
electrical  energy  into 
light 


An  electromagnetic  device 
used  in  motors  and  controls 


J  -Fi 

1- 


Fixed  Resistor 


I- 


Variable  Resistor 
or  Rheostat 


Normally  open  con- 
tacts 


Normal ly  closed  con- 
tacts 


Capacitor 


Devices  used  to  control 
current  in  an  electric 
circuit 


Conducting  parts  which 
employ  a  junction  that  is 
open ed  or  cl os ed  to  inter- 
rupt or  complete  a  circuit. 


An  electrical  storage  device 
used  in  starting  and/ or 
running  circuits  of  many 
electric  motors. 


Diode 


A  solid  state  device  which 
will  allow  more  current  flow 
in  one  direction  in  the 
circuit  than  in  the  other 
direction. 


JL 


Ground  Connection 


A  conductor  connected 
between  a  circuit  and  the 
ground . 
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16. 


17. 


or 


+ 


Conductors  crossed « 
not  joined 


Conductors  joined 


Paths  through  Which 
current  can  flow 


Path  for  current  flow. 


18. 


19. 


20. 


21« 


Relays 


SOLENOIDS 


AMMETER 


VOLTMETER 


OHMMETER 


^Electromagnetic 
mechanism  in  the  central 
circuit  which  operates  a 
valve  or  switch  in  an 
operating  circuit. 

Electromagnetic  with  ri 
moving  core;  operates  a 
valve • 


TEST  INSTRUMENTS 


Match  each  electrical  device  with  its  symbol  by  placing  the  number        the  device  in 
the  appropriate  blank. 


1.  D.  C.  Generator 

2 •  Ammeter 

3.  Transformer 

4.  Battery 

5.  Ground 

6 .  Motor 

7.  Draw  a    symbol  for  a  coil < 
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8.    What  is  a  capacitor? 


9.      Draw  the  symbol  for  a  ground  connection. 


10.     A  resistor  is  a  device  used  to  control    in  an  e.\ectric  circuit. 


STOPi    You  have  completed  the  directed  Study  to  be  completed  prior  to  day  3  class. 


EKLC 


4-34 

14b 


start  here  for  material  to  be  accompliahed  prior  to  day  4  class. 


Electric  circuits  are  represented  by  circuit  diagrams  where  symbols  are  used  to 
identify  wpecific  electrical  units.     Symbols  can  be  combined  in  various  ways  to  prepare 
diffr^rent  types  of  diagrams.     Diagrams  of  various  compl<!xity  are  required,  depending  on 
t-he  detail  required  for  the  tasX  being  performed. 

o        Electric  circuits  are  representcsd  by  circuit  diagrams  where    are 

used  to  identify  specific  electrical  units. 

The  relationships  of  current,  voltage,  and  resistance  must  be  considered  in  every 
electric  circuit.     Electrical  current  will  flow  only  in  a  closed  circuit  which  provides  a 
continuous  conducting  path  from  the  negative  'jo  the  positive  terminal  of  the  voltage 
source.     As  discussed  in  this  lesson.  Ohm's  law  shows  the  relationship  of  voltage, 
current,  and  resistance  in  electrical  circuits. 

ELECTRICAL  CIRCUITS 
All  circuits  must  have  at  least  three  parts.     These  parts  are: 
Source  of  voltage 

Conductors  Unit  of  Resistance 


OSITIVE  CONDUCTOR 


jZ^  Source  >  Unit  of 

~      of  ^  resistance 

_  voltage 


NEGATIVE  CONDUCTOR-^ 

The  diagram  above  is  a  simple  circuit.     A  simple  circuit  is  a  circuit  with  only  one 
path  for  current  to  flow  with  one  unit  of  resistance. 

o        Name  the  three  basic  parts  of  electrical  circuits. 

1 .  

2.  

3. 

o        Define  a  simple  circuit.  
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Series  Circuits 


A  sgries  circuit  is  defined  as  a  circuit  which  has  one  path  for  current  to  flow  with 
two  or  more  units  of  resistance  as  shown  in  the  figure  below. 


Note  that  the  path  of  current  flow  is  from  the  negative  side  of  the  battery  through 
the  switch,  lamps  hi  and  L2  and  back  to  the  positive  side  of  the  battery.     It  is 
apparent  that  if  the  fileunent  of  any  one  lamp  burns  out  (opens),  the  current  path  is  no 
longer  complete  aud  the  other  leunps  must  also  go  out.     Each  unit  of  resistance  is 
dependent  on  the  other  units. 

o        Define  a  series  circuit. 


o        What  happens  to  the  series  circuit  if  a  lamp  burns  out? 


You  have  seen  that  an  electrical  circuit  consists  of  a  source  of  potential  connected 
to  an  electrical  device  which  has  resistance.     When  the  circuit  is  completed,  current 
flows  in  a  closed  path. 

In  1827,  George  Simon  Ohm  discovered  that  the  amount  of  current  which  flows  in  a 
circuit  increases  if  the  potential  (voltage  applied  is  increased),  and  decreases  if  the 
resistance  of  the  circuit  is  increased.     He  also  found  that  the  current  decreased  when  he 
decreased  the  potential  applied,  and  increased  if  the  resistance  were  decreased.  These 
findings  are  known  as  Ohm's  law  which  states  that  the  current  in  a  circuit  is  directly 
proportional  to  the  applied  voltage  and  inversely  proportional  to  the  resistance. 

o        What  did  George  Simon  Ohm  discover  about  the  relationship  of  voltage  and 

current  in  a  circuit? 


o*       What  did  he  discover  about  current  when  resistance  is  decreased? 


Ohm's  Law  is  expressed  in  formulas.     These  formulas  are  used  to  solve  for  values  of 
current,  voltage,  and  resistance  in  circuits.     Before  you  can  use  these  formulas  you  must 
learn  the  symbols  for  current,  voltage,  and  resistance. 

The  electrical  symbol  for  current  is  the  letter  "I". 

The  electrical  symbol  for  voltage  or  electromotive  force  is  "E" • 

The  electrical  symbol  for  resistance  is  "R" • 
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a.    £  is  the  electrical  symbol  for   or 


b«     I  is  the  electrical  symbol  for 


c •     R  is  the  electrical  symbol  for 


The  Ohm's  Law  triangle  will  help  you  understand,  the  relationship  of  current, 
voltage,  and  resistance.     it  will  also  aid  you  in  determining  the  correct  formulas  for 
solving  problems  of  electrical  values. 


The  letters  of  this  triangle  are  arranged  into  the  following  formulas  to  show  the 
relationship  of  current,  voltage,  and  resistance. 

The  formula  for  computing  voltage  is  E  =  I  x 

The  formula  for  computing  resistance  is  R      E/ j . 

Now  you  use  the  Ohm's  Law  triangle  to  determine  the  formula  for  current.     Write  your 
answer  in  the  space  provided. 

In  the  incc»nplete  Ohm's  Law  triangles  below,  fill  in  the  missing  letters. 


b. 


The  three  equations  will  enable  you  to  find  any  one  of  the  three  factors  (current, 
voltage,  or  resistance)  if  you  know  the  other  two.     An  easy  way  to  remember  the  three 
relationships  is  to  use  the  Ohm's  Law  triangle  as  shown  in  the  diagram. 


To  find  I  (amperes),  place 
thumb  over  1  and  divide  E 
by  R  as  indicated 


To  find  R  ^ohms),  place 
thumb  over  R  and  divide 
as  indicated 


To  find  E  (volts),  place 
thumb  over  E  and  multiply 
as  indicated 


I  =  E 
R 


I 


I  X  R 
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By  placing  your  finger  over  the  unXnow 
two  known  factory  will  tell  you  what  to  do* 

If  one  is  above  the  other,  divide.  If 
then  multiply. 

In  the  blank  Ohm's  Law  triangle  below^ 
and  resistance* 


I  factor r  the  relative  positions  of  the  other 
they  are  beside  each  other,  such  as  I  and 
fill  in  all  the  symbols  for  current,  voltage, 


Using  the  letters  you  inserted  in  the  triangle  -  complete  tl.e  formula  for  computing 
voltage*  ^ 


E  = 


Again,  using  the  letters  in  the  triangle,  complete  the  formula  for  computing 
current.  *^  ^ 


I  = 


Complete  the  formula  for  resistance. 
R  = 


The  formula  for  computing  current  in  a  circuit  is 
I  =  E  X  R 

I  =  E/r 
R  -  E/i 
I  =  R/e 

The  formula  for  computing  voltage  in  a  circuit  is 
E  =  I/r 
R  =  E/i 

E  =  R/i 
E  =  I  X  R 
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The  CHARiPtCfERJSTICS  concerning  the  VOLTAGE,  CURRENT,   and  RESISTANCE  of  a  SERIES 
circuit  are  as  jTolIdws: 


VOLTAGE 

The  SUM  of  the  voltage  drops  equal  the  TOTAL  VOLTAGE,     In  other  words,   if  you  were 
to  measure  the  voltage  across  each  resistor  with  a  voltmeter  and  add  these  voltages  they 
would  equal  the  total  voltage  or  source  voltage.     Expressed  mathematically, 
Eip  »  El  +  E2  +  E3  +  Etc.    As  shown  in  the  diagram  below. 


ET  =  El  +  E2 
120v  =  70v  +  50v 

o     In  a  series  circuit  the    of  the  voltage  drops  equal  the 


  voltage. 

CURRENT 

The  current  is  the  SAME  in  each  part  of  a  series  circuit.     Explained  mathematically. 
It  =  Ii  =  l2»  etc. 


It  «  Ii  +  I2 

lA      =  lA    =  lA 


O    The  current  in  a  series  circuit  stays  the    throughout  the 

circuit • 

RESISTANCE 

The  current  v^^ieh  flows  in  tne  series  circuit  .T.cets  oppccition  form  each  unit  of 
resistance  in  turn.     if  the  units  of  resistance  R^  amd  R2  were  70  and  50  ohms, 
respectively,  the  current  in  the  circuit  would  meet  a  total  opposition  of  120  ohms.  The 
three  units  of  resistance  would  then  offer  the  same  opposition  to  the  current  in  th*^* 
circuit  as  one  unit  of  resistance  of  120  ohms.     In  a  series  circuit,  the  TOTAL  RESISTANCE 
is  equal  to  the  SUM  of  the  individual  resistances.     Expressed  mathematically. 
Rip  »  Ri  =  R2  +  R3*  etc. 


EKLC 
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Where  is  the  total  resistance  and  Ri  and  R2  are  the  resistance  in  series, 

see  the  diagram  below.  ocixco. 


a" 

-L 


R2  =  50 


Rl  =  70 


Rt  +  Ri  +  R2 

Rt  +  70      +  50      =  120 


In  a  series  circuit,  the  total  resistance  is  equal  to  the 


to 


the 


It  i 


of  the  individual  resistances. 


It  IS  often  necessary  to  connect  electrical  devices  so  that  the  entire  source  of 
l^lT^^^t^  ^^""^  device-     ^circuit  in  Which  two  nr  more  r^«i  «tors  are  nnnn^n+^H 

§£ros8  the^gaine^source  qf  emf  is  a  PARALLEL  circuit.     As  in  other  types  of  circuits, 
there  are  characteristics  that  pertain  only  to  parallel  circuits.     Parallel  circuits  are 
found  in  homes,  barracks,  hangars,  etc.  ^xi^uxta  are 

Below  is  a  parallel  circuit,  it  consiP+.s  of  a  battery  and  three  electric  lamps 
connected  in  parallel.     Note  that  the  currer.t  which  leaves  one  terminal  of  the  battery 
breaks  up  into  three  parts  and  then  returns  to  the  other  terminal  of  the  battery. 
Parallel  circuits  have  more  than  one  current  path.     (The  other  diagram  is  a  series 
circuit  for  comparison.) 


r-©- 


r<,fi 
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Parallel  Circuit 


VOLTAGE 


 0. — >- 

Series  Circuit 


the  parallel  circuit  shown,  note  that  points  A,   B,   C    and  D  are  connected 
together  and  are  one  point  electrically.     Similarly    points  E,  F,  G  and  H,  make  up 
another  electrical  point.     since  the  applied  voltage  appears  between  points  A  and  E.  the 


 oiuue  tne  appiiea  voltage  appears  between  points  A  and  E,  the 

^ni-^n          u^^^^°  between  points  B  and  F,  between  points  C  and  G,  as  well  as  between 
.^rmnL  ^^'''^x.                   ^  """^^^        CHARACTERISTICj*parallel  circuits  would  be  that  the 
VOLTAGE  IS  the  SAME  or  equal  throughout  the  circuit    


„    ^     w-.*w«*w.     Expressed  mathematically,  E«r  - 

El  =  E2  =  E3  where  Et  is  the  applied  voltage,  E^  is  the  voltage  across  R. , 
E2  18  the  voltage  across  R2  and  E3  is  the  voltage  across  R3.     The  VOLTAGE 
POTENTIAL  across  a  resistor  is  commonly  referred  to  as  VOLTAGE  drop. 


i 
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Ccxnputing  Voltage  in  a  Parallel  Circuit 


CURRENT 


Another  CHARACTERISTIC  or  rule  of  a  parallel  circuit  is  that  the  current  flowing 
toward  a  point  is  equal  to  the  current  flowing  away  from  the  point.  Therefore, 
It  =  Il  +  I2  +  I3  etc.,  where  I^  is  the  total  current  and  Ii,   l2#  and  I3 
are  the  currents  through  R^,  R2,  and  R3,  respectively. 


In  other  words,  the  TOTAL  CURRENT 
in  a  PARAIiLEL  circuit  is  equal  to  the 
SUM  of  currents  passing  through 
each  individual  branch  as  s>iown. 


J- 


iT^tOA 


Computing  Current  in  a  Parallel  Circuit 


It  =  Il  + 

l2  + 

I3 

It  =  6A.  + 

3A. 

+  lA.   =  lOA. 

Problem: 

Find 

It 

Given: 

Et  = 

Rl  = 
R2  = 

6v 

15  ohm 
25  ohm 

Solution: 

11  = 

12  = 

It  = 
It  = 

El/Ri  =  .4A 
E2/R2  -  .24  A 
Il  =  I2 
.64  A 

RESISTANCE 

There 

is  a 

basic  rule  or 

concerning  PARAIiLEL  circuits  that  states 
"The  TOTAL  RESISTANCE  in  a  parallel  circuit 
is  always  SMALLER  than  the  smallest  branch 
resistance."  In  the  figure,  the  parallel 
circuit  has  a  2-ohm#  3-ohm  «  and  a  6-ohn 
resistor.     The  total  equivalent  resistance 
must  be  less  than  2-ohms  since  it  is  the 
smallest  branch  resistor.     Rip  is  less 
than  2-ohm8. 


Parallel  Circuit 
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One  of  the  simpler  ways  of  determining  the  total  resistance  of  a  parallel  circuit 
involves  making  a  matrix  using  the  circuit  valves. 


Rl 

^2 

R3 

Total 

Voltage 

12v 

12v 

12v 

12v 

Current 

6A 

2A 

12A 

Resistance 

2 

3 

6 

1 

Notice  that  the  voltage  is  constant  throughout  the  circuit.     Current  thru  each 
branch  is  computed  and  the  total  amperage  divided  into  the  applied  voltage  to  obtain  the 
total  resistance.       (R.p  =  ea 

It) 

Solve  for  total  resistance  in  the  following  circuit. 


120v 


5  S  J 


la 


Lb 


la 


la 


Ll 

L2 

La 

Total 

Voltage 

120 

120 

120 

120 

Current 

lA 

lA 

lA 

3A 

Resistance 

120 

120 

120 

Solve  for  total  resistance  in  the  following  circuit. 


30V 


5^ 


6_n- 
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SUMMARY 

A  parallel  circuit  has  two  or  more  units  of  resistance,  or  other  electrical  devices, 
connected  across  the  same  source  of  power  and  the  current  devices  among  the  various 
branches.     Each  unit  of  resistance  can  be  made  independent  of  the  other  units.  The 
voltage  is  equal  in  a  parallel  circuit  or  Er  »  Ei  -  E2#  etc.     The  total  current 
equals  the  sum  of  the  current  passing  through  each  branch  or  Iij  ■  Ej^  ■  E2#  etc. 
The  total  resistance  in  a  parallel  circuit  is  always  less  than  the  sraaaiest  branch 
resistance . 

STOPl    You  have  completed  the  assignment  to  be  completed  before  day  4  class. 
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start  here  for  material  to  be  accomplished  prior  to  Day  5  class. 
Directed  study  in  preparation  for  Day  5^ 

Read  paragraph  6-11  (Modern  Refr.  and  Air  Conditioning  textbook)  and  answer  the 
following  questions. 

o       Volts  are  units  of 


What  type  of  meter  has  been  developed  to  measure  electromotive  force? 


o        The  force  needed  to  move  one  ampere  through  a  one  ohm  resistance  is  called  a 


o        Now  many  types  6f  voltmeters  are  there*  .  wh^t  are  they? 


o        Voltmeters  are  always  connected  in    with  the  circuit. 

o       What  are  the  advantages  of  using  a  meter  with  electronic  circuits  instead  of 
electromagnetic  effects. 
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Familiariration  of  Multi-Meter  Operation 


Figure  24 
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Refer  to  Figure  24  for  proper  location 


Ohm  scale.  -  used  to  measure  circuit  resistance  - 
the  more  the  needle  moves  to  the  rights  the  less 
resistance • 


AC  volt  scale  -  a  mult i- range  scale  used  to  read 
alternating  current . 


HESET  Reset  button  -    This  is  a  manual 

^  reset  switch  to  protect  the  meter 

in  a  overloaded  condition* 


Function  switch  -    This  decides  what 
mode  of  operation  or  types  of  voltage 
to  be  read. 


Test  lead  jacks.     This  is  the  location 
of  the  test  lead  for  low  voltage  (under 
5000  volts) 
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D.C.  Volt  scale  «  scale  showe  the  value  of  D.C.  Voltage 


Zero  OHMS  Control 

The  zero  ohms  control  is  located  on  the  right  side  of  the 
panel.    This  variable  resistance  in  the  ohmmeter  circuit 
will  be  used  to  compensate  for  the  aging  of  the  interanl 
batteries.     Use  it  to  adjust  the  meter  indication  to  zero, 
at  the  right  end  of  the  scale,  with  the  test  leads  shorted 
together.    Whenever  the  ohmmeter  circuit  is  used,  make  sure 
the  leads  are  not  left  shorted. 


SOOM  A 

29V  . 

tov 

90V 
290V. 
lOOOV 


too  MA 
_IOMA 

IMA 

nn\ 

-«II00 

.KR  10.000 


Range  Switch 

This  determines  the  scale  &  the  mode  in  which 
the  meter  vill  function. 
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Using  Figure  25,  list  the  names  and  purposes  of  the  numbered  elements  in  the  spaces 
provided  on  p.  4'-49« 


1. 


3. 


4. 


5. 


6. 


7. 
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Read  etnd  be  able  to  discuss  prior  to  Day  5  lecture  in  class. 
Paragraphs  6-14  through  6-22. 


STOPi     you  have  accanplished  the  assignment  to  be  accomplished  prior  to  Day  5  class, 
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3770  Technical  Training  Group  SGWB  J3ABR54530  001-1-6 

(Civil  Engineering  Training) 
Sheppard  Air  Force  Base^  Texas 

WIRING  SYSTEMS,  MOTORS,  MOTOR  STARTERS  AND  OVERLOADS 

OBJECTIVE 

To  help  you  in  learning  the: 

-  purpose    and  function  of  two,  three,  and  four  wire  electrical  systems. 

-  the  general  construction  features  of  single  and  three  phase  motors, 
steps  for  installing  and  servicing  electric  motors. 

-  start  and  run  windings  of  and  electric  motor,  how  to  connect  the  motor  and 
reverse  its  rotation. 

servicing  procedure  for  motor  starters 
types  and  function  of  electrical  overload  protectors. 
INTRODUCTION 

This  study  guide/v-  kbook  will  prepare  you  for  the  instruction  to  be  conducted  in 
days  6,   7,  and  8.     You  mubt  accomplish  the  sections  assigned  for  each  day  and  be  prepared 
for  a  test  over  the  material  when  you  come  to  class. 

INFORMATION: 

The  following  assignments  will  be  referenced  from  various  chapters  in  the  Modern 
Refrigeration  and  Air  Conditioning  textbook.   

1.      Complete  the  following  section  during  directed  study  time,  in  preparation  for  day  6 
instruction. 

a.       Two,  three,  and  four  wire  electrical  systems 

A  basic  electrical  service  will  consist  of  three  niain  parts:  generation, 
transmission,  and  distribution.     You  must  become  familiar  with  each  of  i->-ese  parts  in 
order  to  fully  understand  electrical  services. 

Generation 

At  every  generating  plant,   some  form  of  mechanical  energy  is  used  to  produce 
electricity.     The  electricity  generated  at  the  plant  is  approximate! v   i 200  volts,  three 
phase.     This  1200  volts  leaves  the  generating  plant  and  enters  a  step-up  transformer. 

Transmission 

At  t!  e  step-up  transformer,   the  voltage  is  stepped  up  approximately  one  thousand 
voltaf  for  every  mile  it  must  be  transmitted.     Once  the  voltage  reaches  the  general  area 
to  be  served,   it  enters  a  substation.     This  substation  contains  step-down  transformers 
which  step  the  voltage  down  to  a  safer  voltage  (to  approximately  13,000  volts). 

Distribution 

The  voltage  is  taken  from  the  substation  and  is  run  in  all  directions  necessary  to 
supply  the  general  area.     At  the  local  area  being  served,  the  voltage  is  run  through  a 
distribution  transformer  which  steps  the  voltage  down  to  a  usable  voltage.  (One 
distribution  transformer  may  serve  more  than  one  building  or  other  structure.)  The 
voltage  on  the  secondary  side  of  the  distribution  transformer  may  be  one  of  several 
types,  depending  on  what  is  required  within  the  building.     Residential  homes,  for 
instance,  may  require  120/240  volt,   single  phase,  while  industrial  plants  may  require 
120/240  volt,  three  phase,  or  277/480  volt,   three  phase. 
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Read  paragraph  6-68  and  answer  the  following  questions* 

o       List  the  three  motor  properties  that  must  match  the  power  source. 

1.  

2.  

3.   ,  

o       List  four  standard  voltages 

1.  

2.   

3.  

4.   

o       List  the  three  frequencies  (Hertz) 

1.  

2.   

3. 


List  the  four  phases 

1.   

2.   

3.   

4. 


o       List  four  popular  power  electrjf^al  sources 

1 .  

2. 

3.  

4. 


Some  common  electrical  systems  are: 

Two  wire  -  this  system  supplies  only  llOv  AC. 

If  you  see  only  two  electrical  wires  going  to  a  bui.l-^^ij  ng^  you  know  it  has  a  two  wire 
supply  system  and  the  only  voltage  is  llOv. 


I 
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Two  Wire  Electrical  System 
o    What  voltage(s)  can  be  obtained  from  a  two  wire  system? 


-  Three  wire  electrical  systems  supply  liOv  or  220v  AC. 

If  you  see  three  wires  going  to  a  building  you  know  that  two  voltages  are  preff«jnt 


I 


Three  Wire  Electrical  System 

Here's  how  it  looks  in  use 
Ground 


o       What  voltage(8)  can  be  obtained  from  this  wire  system? 


-    Four  wire  electrical  systems  supply  llOv,  220volt  single  or  tl^i^e  phase  AC- 


Here's  how  it  looks  in  use. 


^-hroo  .n^r      "  Simplified  Illustrations  to  help  you  understand  the  concepts  of  tvo, 
three  and  four  wire  systems.     Now  refer  to  paragraph  6-69  and  state  the  unit  that 
supplies  power  to  the  s*..ondary  circuit  (Homes,  business  and  industries.)    (Figure  6-76) 


o        Refer  to  paragraph  6-70  and  state  th 


e  common  types  of  transformers. 


o    What  are  the  voltages  that  can  be  obtained  from  the  circuit  shown  in  Figure  6-77 • 


o        How  many  wire  systems  i.^  this? 


o        What  would  be  the  results  of  connecting  a  2400  motor  to  wires  A  :!ind  C? 


o    How  many  wires  are  used  in  the  schematic  shown  in  Figure  6-79? 


o    To  operate  a  240v  air  conditioner  from  this  source,  you  would  connect  which  leads 
to  the  dir  conditioner? 
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Read  the  following  paragraphs  and  answer  the  questions. 

SINGLE  PHASE  INDUCTION  MOTORS 


Single-Phase  Induction  Motors 

SPLIT-PHASE  MOTORS.     Split-phase  motors  are  usually  just  fractional  horsepower  and 
are  used  to  operate  such  devices  as  washing  machines,  small  pumps,  dryers  and  blowers. 

Basically,  a  split-phase  motor  is  constructed  the  same  as  a  three-phase  motor.  It 
has  a  stator,  rotor  and  two  endbells.     The  windings  are  located  and  connected  differently 
than  they  are  in  a  three-phase  motor.    A  centrifugal  switch  as  been  added  to  the  rotor 
and  one  endbell.     See  Figure  26  below.    A  rotating  part  of  the  centrifugal  switch  is 
located  on  the  rotor  and  a  stationary  part  (containing  a  set  of  contacts)  is  located  in 
the  endbell.     The  purpose  of  this  switch  will  be  explained  later  in  this  study  guide. 


Figure  26  -  Components  of  Centrifugal  Switch 


WINDINGS.     The  split-phase  motor  has  two  windings*     One  winding  i  i  of  heavy 
insulated  copper  wire,  which  is  generally  located  at  the  bottoin  of  slots  in  the  stator 
and  are  called  "Run  Winding^'  or  "Main  Windings."    The  other  winding  is  called  the  "Start 
Winding "and  is  generally  located  in  the  stator  on  top  of  the  run  winding.     The  start 
winding  and  the  run  winding  are  connected  to  power  untii  the  motor  reachv^s  75  percent  of 
its  maximum  rpm.     The  centrifugal  switch  then  disconnects  the  start  winding  from  the 
power.     The  run  winding  is  made  up  of  many  turzifi  of  heavy  co;?)per  wire  and  the  start 
winding  is  made  up  of  fewer  turns  of  small  wire.     If  the  stai^-t  winding  were  not 
disconnected  after  a  short  period  of  time,  it  would  burn  up. 

CENTRIFUGAL  SWITCH.     The  rotating  part  of      centrifuga.  switc.  is  a  mechanical 
mechanism  that  relies  on  motion  and  flyweights  to  operate.     As  the  rotor  turns,  the 
flyweights  are  pulled  out  by  centrifugal  force.     This  applies  pressure  to  the  closed 
contacts  of  the  switch  causing  them  to  open.     These  contacts  are  in  series  with  the  start 
winding.     The  opening  of  the  contacts  will  de-energize  the  start  winding.  See  Figure  27 
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OPERATION.    When  a  split-phase  motor  is  started,  current  flows  through  both  the  run 
and  the  start  windings.     This  caus-s  a  magnetic  field  to  be  formed  inside  the  motor 
H^o^-fiV  I!*  f.'°f^"*^      ^^^^^  ^115"°®*  *  current  into  the  rotor,  which,  in  turn,  causes  a 
magnetic  field  in  the  rotor.     The  magnetic  fields  in  the  stator  and  rotor  combine  in  such 
a  manner  as  to  cause  rotation  of  the  rotor.     The  start  winding  is  necessary  at  the  start 
in  order  to  produce  the  rotating  field  effect.    After  the  motor  is  running,  the  start 

mtitt^^    f^^-.^^v^^^^'f^'f         "         """^  °^  ""^^  Circuit  by  means  of  the  centrifugal 
switch.    After  the  start  windings  are  cut  out,  the  motor  operates  on  a  shifting  magnetic 

Capacitor  Motors 

Capacitor  motors  are  made  in  sizes  ranging  from  1/20  to  10  horsepower.     They  are 
wxdely  used  to  operate  refrigerators,  washing  machines,  air  compressors,  air  conditioners 
ana  fans • 

CAPACITOR-START  MOTOR.    A  capacitor-start  motor  is  an  improved  version  of  the  basic 
split-phase  type  motor.    An  intermittent  type  of  capacitor  is  connected  in  series  with 
the  start  winding,     when  the  motor  reaches  75  percent  of  full  speed,  the  centrifugal 
switch  cuts  out  the  start  windings  and  the  capacitor.     The  capacitor  added  in  the  start 
windings  gives  the  motor  a  greater  starting  torque  than  a  basic  split-phase  motor. 

u  -  .'^°^''^®**'®wf.*w*r'^"^  torque  in  a  capacitor  motor,  a  better  rotating  magnetic  field 
has  to  be  established  inside  the  motor.     This  is  accomplished  by  placing  the  start 
winding-out-of-phase  with  the  run  windings  by  more  electrical  degrees.     A  capacitor  is 
used  to  cause  the  current  in  the  start  winding  to  reach  its  maximum  value  before  the 
current  m  the  run  winding  becomes  maximum.     Actually,  the  capacitor  causes  the  current 
in  the  start  winding  to  lead  the  current  in  the  run  winding.     This  causes  a  revolving 
magnetic  field  in  the  stator  which  induces  a  current  in  the  rotor  and  causes  it  to 
rotate* 

PERMANENT-SPLIT  CAPACITOR  MOTOR.       The  permanent-split  capacitor  consists  of  a 
standard  split-phase  type  stator,  a  squirrel-cage  rotor,  a  capacitor  and  endbells.  This 
is  another  version  of  the  basic  split-phase  motor.     A  permanent  type  capacitor  is 
connected  in  series  with  the  starting  windings  and  left  in  the  circuit  at  all  times.  The 
starting  windings  in  this  motor  are  not  a  high  resistance  winding  and  have  the  same 
number  of  turns  and  wire  size  as  the  run  windings.    The  capacitor  is  used  instead  of 
resistance  to  give  the  split-phase  effect.     This  eliminates  the  need  for  a  centrifugal 
switch  in  this  motor.     The  capacitor  is  continuously  rated  and  is  selected  to  give  best 
operation  at  full  speed  while  sacrificing  starting  torque.     The  permanent-split  capacitor 
motor  has  the  operating  characteristics  of  poor  starting  torque  wi'.h  a  high  current  draw, 
but  runs  with  a  good  torque  under  load,  at  a  constant  spead. 
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o    On  split-phase  motor  motors,  %^en  is  the  start  windings  disconnected  from  the 
circuit? 


o    What  is  the  purpose  of  the  centrifugal  switch?  Explain. 


o    What  is  the  purpose  of  the  capacitor  on  a  capacitor-start  motor? 


o    The  capacitor  causes  current  to  do  what  in  relation  of  the  start  and  run 
windings? 


o    What  is  the  operating  characteristics  of  a  permanent-split  capacitor  motor? 


STOPi     You  have  completed  the  assignment  to  be  done  prior  to  Day  6  class. 
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start  here  for  material  to  be  accomplished  prior  to  Day  7  Class 


Read  the  following  paragraphs  and  answer  the  questions, 

THREE-PHASE  INDUCTION  MOTORS 

Three-Phase  Induction  Motors 


Three-phase  motors  are  simple  in  construction  and  relatively  low  in  initial  cost. 
The  most  common  types  of  3)5  motors  are  the  squirrel-cage  induction  motors  and  the 
wound-rotor  induction  motor.     These  two  types  of  motors  vary  only  in  the  construction  of 
the  rotor.     Three-phase  motors  are  also  broken  down  into  three  basic  parts:     (1)  stator. 
(2)  rotor  and  (3)  end-bells. 


Stator 


The  frame  is  made  of  cast  iron 
or  cast  steel  into  which  is  pressed 
a  laminated  silicon  steel  core.  The 
steel  core  is  laminated  to  reduce 
"Eddy  Currents",  which  is  a  lobs  due 
to  stray  currents.    This  steel  core 
is  constructed  with  semi-closed  slots 
which  hold  the  field  windings.  The 
field  windings  are  made  up  of  a 
number  of  varnished  insulated  coils, 
which  are  120*   (electrical)  apart. 
These  coils  are  insulated  from  the 
core  with  treated  paper  called 
fish  paper.     The  coils  are  con- 
nected to  form  three  separate 
windings. 


Figure  28  -  Three-Phase  Stator 


The  field  windings  and  the  steel  core  together  make  up  the  stator  or  stationary  part 
of  the  motor.     Figure  28  above  i^hows  the  parts  of  a  stator.     The  kind  of  rotor  used 
inside  of  the  three-phase  stator  determines  the  type  of  motor.     There  are  two  types  of 
rotors,  the  squirrel-cage  rotor  and  the  wound  rotor. 

Squirrel-Cage  Rotor 


The  squxrrel-cage  rotor  consists  of  a  laminated  silicon  steel  core,  rotor  bars  and 
end  rings,  mounted  on  a  shaft.     In  the  most  recent  types,  the  rotor  bare  are  cast  into 
place  on  an  angle  called  skew.     The  skew  effect  increases  the  torque  of  the  motor.  The 
end  rings  short  circuit  or  connect  the  rotor  bars  together,     when  one  rotor  bar  is 
energized,  all  of  them  are  energized.     The  rotor  bars  and  end  rings  together  make  up  a 
squirrel-cage  winding.     Fan  blades  are  added  on  the  end  of  the  rotor  to  assist  in' 
providi-ng  adequate  ventilation  for  cooling.     See  figure  29. 


Figure  29.     Squirrel-Cage  Rotor 
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Wbund  Rotors 


The  wound  rotor  has  a  laminated  silicon  steel  core  mounted  on  a  shaft,    A  rotor 
winding  is  wound  around  the  core.     The  rotor  windings  are  made  of  coils  similar  to  those 
used  in  a  stator.     Each  coil  is  made  up  of  a  number  of  turns  of  insulated  copper  wire. 
The  windings  are  connected  like  those  of  the  stator,  wye  or  delta.    When  the  rotor  is 
connected  for  wye  operation,  one  end  of  the  windings  are  connected  together  in  the  center 
and  the  other  end  connected  to  slip  rings  mounted  on  the  shaft.     Brushes  ride  on  the  slip 
rings  and ^ are  connected  externaly  to  resistors  for  variable  speed  control.  When 
connected' for  delta  operation,  the  windings  are  internally  connected  into  a  delta 
configuration  and  three  leads  are  connected  to  the  slip  rings.     Wound-rotor  types  of 
three-phase  motors  are  used  where  a  low  starting  current  is  desired  with  an  external 
starting  device.     See  Figure  30. 


Figure  30.  Three-Phase  Wound  Rotor 

Endbells 

The  endbells  serve  three  functions:     (1)  house  the  b^iarings,    (2)  support  and  align 
the  rotor  and  shaft,  and  (3)  complete  the  frame  of  the  motor. 

Principles  of  Operation 

The  effects  of  a  rotating  magnetic  field  around  the  stator  are  required  to  cause  a 
three-phase  motor  to  operate.     This  magnetic  field  is  caused  by  three  factors: 

  The  difference  in  amount  of  current  flow  in  the  30  power  caused  by  the 

characteristics  of  30  voltage  generation. 

  Reversal  in  direction  of  current  flow  caused  by  the  characteristics  of  ac 

voltage. 

  The  arrangement  of  the  field  windings  in  the  stator  core  to  accoiaplish  an 

even  spread  of  magnetic  field  around  the  stator. 

The  rotating  magnetic  field  is  set  up  by  the  rising  and  falling  current  in  the 
stator  windings.     When  the  current  reaches  its  maximum  value  in  one  winding,  a  strong 
magnetic  field  is  produced  by  the  winding.     As  the  current  in  the  first  winding 
decreases,  the  current  in  the  next  windinc:  Increases,  causing  the  magnetic  field  to  move 
to  that  winding.     As  th  •  current  decreases  in  the  . econd  winding,   it  increases  in  the 
third  winding,  causing  the  magnetic  field  to  move  again.     The  windings  are  distrubuted  so 
that  this  rotation  of  the  magnetic  field  is  uniform  and  continuous.     See  figure  31. 


o       What  are  two  most  common  types  of  three-phase  motors? 
1. 


2. 


o 

What  are  the  three  basic 
1. 

parts  of  a  three-phase  motor? 

2. 

3. 

4. 

o 

Why  is  the  steel  core  of 

the  stator  laminated? 

o 

What  two  components  make 

up  the  stator? 

o 

What  determines  the  type 

of  motor? 

o        What  are  two  types  of  rotors? 


1 .  

2.  

o        On  a  squirrel-cage  rotor,  what  is    '^e  purpose  of  the  skew  effe^:t? 


o-       When  is  the  wound  rotor  type  of  three-phase  motor  used? 


o        What  are  3  functions  of  endbells? 

1 .    

2.  

3. 

o        What  is  required  for  a  three-phase  motor  to  operate? 
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start  here  for  the  assignment  to  be  completed  prior  to  Day  7  class. 

SERVICING  ELECTRIC  MOTORS 
a.     Read  paragraphs  14-87  and  14-89,  then  answer  the  following  questions. 


0 

What  is  the  first  step  to  remove  an  electric  motor? 

0 

Why  would  you  lable  the  terminals  and  wires? 

0 
0 

How  many  hold-down  bolts  are  normally  used  to  secure  the  motor? 
What  instrurient  is  required  to  check  the  alignment  of  the  motor? 

o 

Why  would  you  turn  the  motor  by  hand  before  turning  the  power  on? 

b.    Read  paragraphs  7-34  and  7-39,  then  answer  the  following  questions. 
What  will  be  the  major  portion  of  your  job? 

^  What  are  the  two  classifications  of  troubles  found  in  motors? 


1. 


2. 


^  What  effect  would  frequent  starting  of  a  motor  have? 


What  is  indicated  if  the  motor  will  not  start  until  the  pulley  is  spun? 


Excessive  vibration  is  an  example  of  what  category  of  trouble? 
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c.      Read  paragrapha  7-40  and  7-41,  then  answer  the  following  questions • 

o        What  are  tlie  -^.w-    methods  of  bearing  lubrication  on  open  motors  with  bronze 
bushings 7 


1.^ 
2. 


o        When  using  the  ring  lubricating  method,  what  is  the  specifications  of  the  oil 
to  be  used? 


o        How  often  should  motors  be  greased? 


o        What  is  the  possible  cause  if  the  rotor  is  hitting  the  stator? 


o        What  effect  would  too  heavy  oil  have  on  a  bearing? 


d.      Read  paragraph  7-42  and  answer  the  following  questions, 
o*      How  often  should  motors  be  cleaned?  Why? 


o        What  precautions  should  be  observe-    .ir  .  using  cleaning  fluids? 


e.       Read  paragraphs  7-47,  7-48,  and  7-49,  then  answer  the  following  questions, 
o        What  are  V:fo  major  operations  involved  in  servicing  hermeti-:  motors? 

1.  

2. 


o        Majority  of  trou>jle  found  in  hermetic  motors  falls  in  what  category? 


o        What  test  instrument  would  be  used  to  check  the  resistance  of  a  coil? 
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DETERMINING  START  AND  RUN  WINDINGS  OF  ELECTRIC  MOTOR 


windings? 


Read  paragraph  7-10  and  answer  the  following  questions. 

o       What  major  component  of  an  electric  motor  contains  the  start  and  run 


o 


During  starting,  current  goes  through  what  windings? 


o 


Which  of  the  windings  has  the  heavier  wires? 


h*      Refer  to  Fig  7-73  and  answer  the  following  questions. 

o        What  should  the  ohmitveter  reading  be  on  the  run  winding  of  a  1/8  HP  motor? 


c-      Read  the  following  paragraphs  and  answer  -he  questions. 
Motor  Connections 

A  three-phase  motor  has  both  x     ernal  anu  external  connections.     The  internal 
connections  determine  whether  the  three  sets  of  stator  windings  are  connected  delta  o 
wye.     The  external  connections  are  made  with  leads  which  are  brought  out  to  the  termi; 
box  of  the  motor.     These  leads  provide  a  means  of  connecting  the  motor  to  a  source  of 
power . 

Internal  Connections 

The  two  main  types  of  internal  connections  used  in  three-phase  motors  are  the  wvi 
and  the  delta. 


o 


What  should  the  ohmmeter  reading  be  on  the  start  winding  of  a  1/8  HP  Motor? 


r 


The  symbol  for  a  wye  connected  motor  is  the  symbol 
schematic  diagram  of  a  wye-connected  motor  for  high  voltage. 


I ^^ure  32  is  a 
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Figure  32  -  440-Volt  Circuit  Diagram 

NOTE:     The  schematic  diagrams  shown  do  not  illustrate  the  true  position  of  the  coils  in 
the  stator. 


Figure  33  shows  a  schematic  diagram  of  a  wye-connected  motor  for  low  voltage. 


Figure  33  -  220-Volt  Circuit  Diagram 
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The  synibol  for  a  delta-connected  motor  is  the  Greek  letter  delta      £^  . 
Figure  34  shows  a  schematic  diagram  of  delta-connected  motor  for  high  voltage. 


DC'O40A 


Figure  34  -  440-Volt  Circuit  lagram 


Below  Figure  35  shows  a  schematic  diagram  of  a  delta-connected  motor  for  low 
voltage. 


Figure  35  -  220  Volt  Circuit  Diagram 
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o       Whac  are  two  types  of  connections  that  are  used  on  three-phase  motors? 
1. 


2.  

o        What  are  two  main  types  of  internal  connections  used  in  three-phase  motors? 

1.   '_  

2. 


o        Why  are  the  leads  brought  out  of  the  terminal  box  of  the  motor 


o        What  is  the  symbol  for  a  wye-connected  motor? 


o        What  is  the  symbol  for  a  wye-connected  motor? 


o        What  is  the  symbol  for  a  Delta-connected  motor? 


d.       Read  paragraph  7-21  and  answer  the  following  questions. 

o        How  many  terminals  does  a  thr'>e-phase  motor  usually  have? 


o        What  are  the  common  voltages  used  on  three-phase  motors? 


o        What  does  a  three-phase       tor  require  in  place  of  thr         al  starting  relays? 


e.     Read  the  following  paragraphs  and  ans.    r  the  questions 

Single- Phase  Motor  Connections 

Split-phase  and  capacitor  start  motors  are  made  for  either  single  or  dual  voltage 
operaticii>     The  single  voltage,  non-reversible  type  will  have  only  two  leads —  1  and  2. 
The  single  voltage  reversible  motor  will  have  four  leads  numbered  1.   2,   S,   and  8.     A  dual 
voltage  non-r tjversible  motor  will  have  four  leads  numbered  1,   2,   3,   and  4.     Tht  dual 
voltage  reversible  motor  leads  will  be  ntirriv^er 9d  I,    7,   3,  4/   5,  and  8.     Leads  nuinbered  6 
and  7  ece  terminals  of  coils  which  are  connected  internally. 

In  order  to  operate  a  dual   voltage  motor  on  the  high  voltage,   the  running  winding 
must  be  connected  in  series  as  ^Uown  in  figure  36.     Leads  2,   3,   and  8  are  connected  and 
taped,   leads  1  and  5  connect  together  ai>d  goes  to  power.     Lead  4  goes  to  power,  see 
Figure  36. . 

To  operate  on  the  lower  voltage,  the  running  windings  are  connected  in  parallel. 
Leads  1,   3,   and  5  are  connected  together,  then  to  power  leads  2,   3,   4,  and  8  connect 
together,   then  on  to  ground.     See  Figure  37. 
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Figure  36  -  Schematic  of  Single-Phase  Motor  Windings 
Connected  for  High  Voltage — 220  Volts 


Figure  37.  Sch.nnatic  ui  Single- Phase  Motor  Windings 
Connected  tor  low  Voltage  —  liO  Volts 


The  starting  winding  is  always  connected  in  parallel  with  the  running  winding, 
regardless  of  which  voltge  (high  or  low)  ib  connected  to  the  motor.     The  starting  winding 
cannot  at  any  time  have  noLe  than  120  volts  across  it. 
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o       How  many  leads  will  the  single  voltage,  non-reversible  type  motor  have? 


nuinbered? 


How  Jnsiny  leads  will  the  single  voltage  reversible  motor  have  and  how  are  they 


o        Explain  how  to  connect  the  leads,   in  order  to  operate  a  dual  voltage  motor  on 
the  high  voltage.   


o        What  is  the  maximum  voltage  ^Moved  across  the  start  windings  at  any  given 

time? 


f ^     Read  the  following  paragraphs  and  finswer  the  questions  concerning  reversing  the 
rotation  of  single  and  three-phase  motors - 

To  deterrTjM.e  the  direction  of  rotation  of  a  three-phase  motor,   it  is  noL.tially 
started  before  the  load  ie  connected.     If  the  rotation  is  incorrect,  you  can  change  any 
two  power  leads  to  reverse  the  rotation  of  the  mov.or .     Figure  38  shows  the  schematic 
representatici>. 
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Figure  38.  440-Volt  Circuit  Diagram  for  Reversing  Direction  of  Rotation 
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To  revexse  direction  of  rotation  of  a  single-phase  induction  motor,  the  start 
winding  leads  must  be  interchanged.     Leads  5  and  8  are  the  start  winding  leads.  h 
voltage  would  be  leads  2,  3,  and  5  connected  together  and  taped.     Leads  1  and  8  ^lu 
connected  together,   then  to  power,  and  lead  4  connects  to  power.     Figure  39  shows  these 
connections.     The  same  method  is  used  for  low  voltage.     Leads  1,  3,  and  8  connert  to 
power,  and  2,  4,  and  5  to  ground. 


WUNNrNO  STAMTIMO 


Figure  39.  Reverpinq  Direction  of  Rotation  of  a  single- 
Phase  Motor  Connected  for  High  Voltage 


How  is  the  rotation  reversed  of  a  three-phase  motor? 


STOP  I 


You  have  completed  the  assignment  to  be  accomplished  prior  to  Day  7  class 
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start  here  for  the  assignment  to  be  completed  prior  to  Day  8  class. 

SERVICING  MOTOR  STARTERS 
a.      Read  paragraph  12-41  and  answer  the  following  questions. 

o        What  sets  the  limitations  in  the  amount  of  current  that  a  control  contacts  can 
carry  safely? 


Controls  can  handle  larger  motors  with  the  help  of  what  device? 


o        Wliat  is  a  magnetic  starter? 


Magnetic  Line  Voltage  Starter 

Electromagnetic  energy  can  be  used  to  close  switches.     Line  voltag«5  starters  provide 
a  safe,  convenient  and  economic  means  for  controlling  electric  motors.     They  are  used  to 
start  and  stop  electric  motors.     Mag/ietic  line  starters  are  widely  used  because  they  are 
economical  and  safe  and  they  can  alc^  fcii  controlled  remotely.     T  3y  are  normally  used 
where  full  voltage  starting  torque  is  needed  and  where  current  surge  is  not  a  rajor 
factor.     Magnetic  starters  may  be  as  simple  as  the  type  shown  in  Figure  40,  having  only 
one  set  of  contacts.     The  contacts  called  "main  contacts"  would  he  connected  in  series 
With  the  conductor  carrying  power  to  the  motor.     When  the  electromagnetic  uoil  is 
energized,   it  sets  up  a  magnetic  field  attracting  the  armature.     When  the  armature  moves 
toward  the  electromagnet,  the  movable  contact  (locc:ted  on  the  armature)  connects  with  the 
stationary  contact.     This  completes  the  circuit  to    he  motor  and  the  motor  starts.  When 
the  switch  in  the  circuit  which  supplies  power  for  the  electromagnetic  coi.l  is  opened, 
the  coil  is  de-energized,  causing  a  loss  of  the  magnetic  force.     The  spring  will  then 
pull  the  contacts  apart.     This  is  a  simple  magnetic  line  starter.     Other  magnetic  line 
starters  will  have  more  contacts,  motor  over-current  protector  relays  (heaters),  and  ina> 
depend  on  gravity  to  open  the  contacts.     Heaters  will  be  explained  later  in  this  study 
guide.     Figure  41  will  help  you  identify  the  different  parts  of  a  magnetic 
across-'the-line  starter.     This  figure  shows  a  three-phase  across-the-line  starter, 
contc \ning  three  sets  of  main  contacts,  one  set  of  holding  contacts,       coil,   two  reset 
contar   s,  and  two  heaters.     It  is  designed  so  gravity  will  cause  the  contacts  to  open 
when  the  co.li  is  denercized.     Pressure  springs  have  been  added  to  the  contacts  to  allow 
them  to  seat  evenlv .     This  prevents  bending  o^  the  contacts  and  arcing,   thus  prolonging 
their  life.     Shaded  rintvs  are  placed  on  the  stationary  core  to  provide  a  time  delay  in 
t.^ie  loss  of  flur.,  thus  preventing  contact  chatter  and  wear  in  the  moving  parts  of  ac 
magnetic  starters. 
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Figure  40.     Magnetic  Starter 
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Figure  41.  Three-Phape  Magnetic  Line  Voltage  Starter 


Figure  4,1  shows  how  this  starter  will  appear  on  an  electrical  diagram.  Elctrical 
synibols  are  used  to  represent  the  parts  of  the  starter      Magnetic  starters  are  often 
called  contactors. 


Figure  42.     Elec^-.rical  Diagreun  of  a  Magnetic  Starter 
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o      What  is  the  purpose  of  a  magnetic  lin«  starter? 


do  the  main  contacts  of  a  line  starter  connect  in  a  circuit? 


How  many  sets  of  contacts  does  three-phase  line  starters  have? 


What 


3  the  pui^  ^vse  of  the  pressure  springs  in  the  line  starter? 


c.     Read  the  fallowing  paragraphs  and  answer  the  following  questions? 

Connecting  Three-  Phase  Controllers 

Connecting  three-phase  controllers  vary  only  in  the  location  of  the  terminals  and 
when  the  controllers  are  to  serve  different  duties.     Figure  43  shows  a  square  D  magnetic 
starter  and  a  start-stop  station  controlling  a  three-phase  motor. 


HI: 


Fic,»ure  43.     Wiring  diagram  of  a  Square-D  Magnetic  Starter 
Connected  to  a  Start-Stop  Station 

Power  is  supplied  to  the  controller  at  terminals  marked  L^,  L2  and  L3.  The 
motor  is  connected  to  three  terminals  marked  Ti,  T2.  amd  T3.     The  identification  of 
these  terminals  will  normally  be  the  same  regardlesr  of  the  manufacturer. 
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In  order  for  the  aotor  to  operate,  three  sets  of  normally  open  contacts  (main 
contacts}  must  close.     These  contacts  are  located  between  the  line  and  the  load  (Lj.  & 

1,  L2  i  T2,  and  L3  &  T3).     To  close  these  contacts,  the  coil  must  be  energised. 
This  is  done  through  a  circuit  )uiown  as  the  control  circuit.     The  control  circuit  runs 
from  terminal  L2  through  the  two  reset  contacts  (normally  closed  contacts)  through  the 
coil  and  to  terminal  three  (3)  on  a  set  of  holding  contacts.     To  have  a  complete  circuit 
to  energize  the  coil,  the  control  circuit  must  make  connection  to  Li.     Thio  point  is 
Y^t"*        different  types  of  controlling  takes  place.    As  in  Figure  43,  terrsinal  three 
i^L°LTL^f''^^!:^  starter  is  connected  to  terminal  three  (3)  of  the  start-stop  station. 
When  the  start  button  is  pushed,  a  circuit  is  con5)leted  from  terminal  three  (3)  through 
tJLfn«f  o^2"n        to  terminal  two  of  the  start-stop  station,  through  the  stop  button  to 
terminal  one  (1)  and  to  terminal        of  the  magnetic  starter.    A  circuit  is  now 
completed  between  Li  and  L2,  and  the  coil  becomes  energized.    When  the  coil 
energizes,  the  armature  is  lifted  causing  all  normally  open  contacts  to  close.  The 
MtJrtir        ?°*'.=°«Pl«te  to  the  motor.     The  circut  from  terminal  three  (3)  of  the  magnetic 
starter  to  Li  is  known  as  the  start  circuit.     The  start  button  on  a  start-stop  is  a 
constant  pressure  switch,  meaning  it  must  be  held  in  to  keep  the  contacts  closed.  If 
?n  nr^!n;°.^r°r'^'  ^^^^^^-^  would  be  broken  and  the  coil  would  become  de-energized. 

To  prevent  this  from  happening,  another  circuit  called  a  holding  ci>  -  U=   Is  added.  The 
Jwi  r  2?  IVt^      «  connected  fran  terminal  two  (2)  of  the  magnetic  .  ,r  to  terminal 

two  (2)  of  the  start-^tap  station.     When  the  coil  becomes  energize-;  .loses  all 

'^'^''fll  including  a  set  of  holding  contacts  locate'  .=  :vc£n  terminals  two 
l^J  and  three  (3)  ot  the  magnetic  starter.    When  these  contacts  ol;.?«i,  ^  circuit  is 
completed  from  terminal  three  (3)  through  the  holding  contacts  to  t.   •  ^    .1  two  (2),  to 
onf'^M  ^^^<^^  ^''^  start-stop  station,  through  the  stop  button  contacts  to  terminal 

one  UJ  to  Li      .^"hen  the  start  button  is  released,  this  circuit  is  used  to  keep  the 
coil  energized.     To  de-energize  the  coil,  pressure  is  applied  to  the  stop  button  which 
c^"*?^  It^  normally  closed  contacts  to  open  breaking  th-  circuit,  de-energizing  the  coil. 

^^"?^°5  '^'"^'^  currert  than  is  specified  t.:  the  data  plate,  the  overcurrent 

relays  will  heat  and  open  the  normally  closed  contacts  (reset  contacts)  in  the  control 
circuit,  which  will  de-energize  the  coil.     This  provides  motor  protection. 

shows  a  wiring  diagram  of  Arrow-Hart  magnetic  starter.     As  you  can  see, 
the  terminals  are  marked  the  sa»ne  as  the  Square  D,  but  they  are  in  different  locations; 
even  though  the  wiring  remains  the  same.     On  some  starters,  terminals  2  and  3  may  be 
marked  C2  and  C3. 

When  a  motor  system  requires  controlling  froir.  more  than  one  location,  additional 
start-stop  stations  can  be  added.     Some  conveyor  belts  require  this  type  -;f  control 
system  to  allow  starting  and  stopping  from  either  end  of  the  conveyor. 


( 
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Figure  44.     Wiring  Diagram  of  an  Arrow-Hart  Magnetic  Starter 
Connected  tc  e  Start-Stop  Station 


o 

■Lkt  r  nnecting  ^  -.hree-phase 

line  starter,  where  is  the  power  supplied  to? 

o 

Where  are  the  leads  rrom  the 

motor  connected? 

o 

What  occurs  when  the  coil  is 

energized? 
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4.      R«ad  th«  following  paragraphs  and  answer  the  questions. 

Single- Phase  Motox  'Controllers 

Single-phase  motor  controllers  are  constructed  and  operate  similarly  to  three-phase 
motor  controllers.  Where  switching  in  three  conductors  is  required  in  three-phase  motor 
systems,  only  one  or  two  c  .nductora  require  switching  in  single-phase  motor  systems. 

Magnetic  Line  Voltage  Starters 

Single-phase  magnetic  s^ax  i;ers  have  the  same  circuits  as « the  three-phase  starters 
(Power,  Control,  Load,  Start  and  Holding).     They  have  only  two  main  or  load  contac*-«  and 
one  overload  protective  relay.     The  coil  in  the  starter  is  usually  wound  for  dual  voltage 
(120/240)  and  is  labeled  or  color  coded.     The  red  lead  is  the  canro<:Dn  and  is  used  with 
either  120  or  240  volt  power  connections.     The  white  lead  is  used  when  low  voltage  (120 
volts)  connections  are  required.     The  black  lead  is  used  when  high  voltage  (240  volts) 
power  is  required. 

Figure  45  shows  a  single-phase  magnetic  starter  and  motor  with  low  voltage 
connections. 


Figure  45.  Connecting  a  Single-Phase  Magnetic  Starter 

o       What  are  the  five  circuits  within  the  single-phase  magnetic  starters? 
1. 


2. 


3. 


4. 


5. 


o        How  many  contacts  does  a  single-phase  line  starter  have? 
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•  •      Read  the  following  paragr^  *  answer  the  que^^ione. 

Maintenanc<s  of  Motor  Starters 

The  most  frequent  trouble  enccuntereJ  with  motor  B^arte^8  is  contact  trouble. 
Contacts  should  be  inspected  for  excessive  burning  or  fitting  and  for  proper  alignment. 
If  they  are  pitti)d,  copper  contacts  may  be  filed^  but  care  must  be  exercised  not  to 
remove  too  much  c^ontact  surface  or  to  change  their  shipe  appreciably.     Copper  contacts 
are  subject  to  heat  and  oxygen  on  closing  and  opening,  of  the  circuit,  and  copper  oxide 
may  be  formed  on  the  surface  of  the  contact.     This  oxide  is  an  insulator  which  mMSt  be 
removed  xf  it  covers  a  large  part  of  the  contact  .surface.    Most  contacts  made  of  copper 
are  arranged  to  be  of  the  wipin'^  type,  %^ich  allows  the  mechanical  closing  of  the 
contacts  to  remove  this  oxide  as  it  forms.     If  the  contacts  are  silverplated,  the  silver 
oxxde  is  «  good  conductor  and  need  not  be  removed;  in  fact,  silver  contacts  should  never 
be  fxled.     The  contacts  should  be  inspected  not  only  for  pitting  but  for  proper  alignment 
and  for  proper  contact  pressure.     Improper  alignment  or  lack  of  contact  pressure  will 
cause  excessive  arcing  and  pitting  of  the  contacts. 

General  Procedure 

The  first  procedure  in  any  organi.'sed  raanintenance  of  equipme^V;  should  be  'periodic 
inspection  to  prevent  serious  trouble  from  arising.     This  inspect-z-r  .ihoui  5  I-^clude  not 
only  electrical  equipment  but  the  machine  as  well,  should  point  ^  weA r  ard  toar  on 

the  electrical  equipment,  and  should  provide  a  baais  on  which  rei:..*.-    aent  of  p.xrts  and 
correction  of  danger  spots  can  be  taken  care  oi.  before  th^*  cause  serious  trouble. 

One  of  the  greatest  causes  of  failure  of  control  systems  is  the  presence  of  dust, 
grease,  oil,  and  dirt,  which  must  be  removed  periodically  in  order  that  the  equipment  may 
function  properly.     The  removal  of  dust  and  dirt  may  be  accomplished  by  dusting  or  wiping 
With  rags,  but  this  is  not  always  effective  with  oil  and  grease.     These  s^obstances 
generaly  should  be  removed  by  the  use  of  a  solvent  such  as  carbon  tetrachloride,  care 
should  be  exercised  whenes^er  these  solvents  are  used,  because  the  inhaling  of  any 
appreciable  quantity  of  their  fumes  is  quite  likely  to  be  very  harmful.  Therefore, 
adequate  ventilation  should  always  be  provided. 

Periodic  inspection  should  always  include  a  check  for  overheating  of  electrical 
equipment  and  mechanical  parts,  because  excess  heat  is  always  an  indication  of  trouble  to 
come.     The  value  of  checking  for  excess  heat  depends  upon  your  knowledge  of  tae  proper 
operating  temperature  of  coils,  contacts,  transformers,  and  the  many  other  pieces  of 
equipment  associated  wxth  machrnery,  motors,   and  control. 

Another  frequent  cause  of  failure  of  control  equipment  is  electrical  connections. 
Each  connection  should  be  periodically  checked  ^^'-r  tightness,  and  the  inspection  should 
include  the  checking  of  possible  loose  bolts  and  nuts  cn  the  equipment . 

Short  circuits  and  grounds  in  the  electri<2al  wixing  may  be  prevented  by  proper 
inspection  of  insulation  and  by  using  a  Megger  insJilatior.  tester  on  motors  and  cables  in 
associated  equipment. 

If  you  are  to  maintain  the  same  eruipment  over  a  period  of  time,  the  first  law  to 
follow  is  to  be  familiar  with  your  equipment.     Know  your  equipment  mecV.^nically  and 
electrically  so  that  you  will  sense  trouble  before  it  develops. 

Tfie  second  law  iw  to  be  observant.     Whenever  you  pass  a  piece  of  equipment  for  w> 
you  are  responsible,  listen  and  look.     Quite  often  this  is  all  that  i»  necessnry  to  tei 
you  that  tSrouble  is  on  its  way.     Good  maintenance  procedure  can  l^e  summed  up  in  a  very 
few  words:     Keep  it  tight,  keep  it  clean,  keep  it  lubric^tod,  and  inspect  it  frequei^.tiy , 

Should  the  contactor  De  equipped  with  flexible  leads,  they  should  be    checked  for 
fraying  and  broken  strands  and  should  be  replaced  if  these  conditioiis  exist.     Should  the 
starter  be  equipped  with  arc  shields,  they  should  be  inspected  for  proper  alignment 
around  the  contacts.     They  should  be  checked  for  accumulations  ot  dust  and  dirt,  and  if 
carbon  deposits  have  built  up  cn  the  inside  of  these  shields,  these  deposits  should  be 
carefully  removed,  since  carbon  reduces  the  arc  path  and  can  be  the  cause  of  serious  arc 
overs,  particularly  under  high- voltage  conditions. 
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Spring  tension  for  proper  contact  pressure  is  very  important  in  a  starter  and  should 
be  checked  against  manufacturer's  standards  if  they  are  available.     They  should  at  least 
be  ch«^ked  to  see  that  each  contact  has  approximately  the  same  spring  tension  so  that  the 
contact  pressure  will  be  equal  on  each  contact.     Improper  or  unequal  spring  tension  is 
one  of  the  most  common  c&uses  of  contact  chatter  and  starter  hum,  so  be  sure  that  when 
these  conditions  exist,  you  check  the  spring  tension  on  every  contact  to  determine  if  it 
is  sufficient  and  that  they  are  all  equal. 


o       What  is  the  roost  frequent  trouble  encountered  with  motor  starters? 


o       What  is  the  first  procedure  in  any  organized  roaintenance  of  equiproent? 


o        How  can  good  maintenance  procedures  be  aummed  up? 
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TYPES  AND  FUNCTIONS  OF  ELECTRICAL  OVERLOAD  PROTECTOR. 


a.      P^ad  the  following  paragraphs  and  be  prepared  to  discuss  the  material  in  class. 
Overload  Protection 

Electric  motors  require  overload  protection  to  prevent  burnout,     if  permitted, 
electric  motors  will  operate  rat  a  higher  current  than  their  rated  capacity.     This  may  be 
caused  by  low  line  voltage,  by  an  open  line  in  a  three-phase  system,  and  by  an  overload 
of  the  driven  machinery.     The  overload  on  an  electric  motor  causes  it  to  draw  excessive 
current  that  causes  overheating.     The  overheating  will  .eventually  result  in  a  burnout, 
to  prevent  this,  overload  relays  are  employed  on  a  starter  to  limit  the  amount  of  current 
a  motor  can  drawc     This  is  overload  protection,  or  running  protection.     An  overload  relay 
consists  of  a  current  sensitive  element  and  a  set  of  normally  closed  reset  contacts.  The 
overload  relays  of  a  starter  function  to  protect  a  motor  from  excessive  current  that  is 
dfestructive  to  motors.     Current,  sensitive  (thermal  or  magnetic)  elements  of  overload 
relays  are  connected  either  directly  or  indirectly  in  the  motor  lines  through  current 
transformers.     The  overload  relays  act  to  de-energize  the  starter  and  stop  the  motor  when 
excessive  current  is  drawn. 

Thermal  Cutouts 

Thermal  cutouts  are  usually  of  the  bimetallic  or  melting  alloy  types.  The 
bimetallic  type  is  constructed  of  two  dissiaiilar  metals  which,  when  heated,  bend  due  to 
the  different  rate  of  expansion  of  the  two  metals.     A  heating  element  in  the  motor  line 
circuit  generates  the  heat  necessary  to  activate  the  strip.     Current  in  excess  of  the 
desired  amount  causes  deflection  of  the  bimetallic  strip  to  the  extent  that  the  contacts 
spring  apart,  thus  opening  the  holding  coil  circuit  as  shown  in  Figure  46.     A  reset 
button  is  depressed  to  reactivate  the  mechanism  when  the  strip  has  cooled  to  operating 
tolerance. 


The  melting  alloy  overload  relay  emoloys  a  heating  coil  connected  in  the  motor  line 
circuit.     See  Figure  47. 


CONTACTS 


TO  HOLDING  COtL 


SPRtNG 


Figure  46.     Bimetallic  Overlaod  Relay 
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Figure  47.  Melting  Alloy  Thermal  Overload  Relay 


The  heat  caused  by  excessive  current  in  thc:  motor  circuit  melts  the  metal  alloy 
(similar  to  solder)  releasing  the  spring-loaded  shaft.     The  shaft  is  then  capable  of 
turning  which  permits  the  reset  contacts  to  open,  thereby  disrupting  service  to  the 
motor.    When  the  alloy  has  cooled  and  solidified  sufficiently,  the  motor  may  be  restarted 
by  depressing  the  reset  button.    A  laboratory  example  of  the  melting  alloy  principle  is 
shown  in  the  figure 

The  main  advantage  of  the  raeltixtg  alloy  over  the  bimetallic  type  is  its  amperage 
rating  doesn't  vary  after  repeated  he&tings. 

Magnetic  Overloads 

The  magnetic  overload  relay  consists  of  a  coil,  a  plunger,  a  dashpot,  and  a  set  of 
contacts.     See  figure  48.     The  coil  is  connected  in  series  with  the  motor.     When  a  det- 
ermined amount  of  current  passes  through  the  coil,  the  magnetic  field  will  pull  the 
plunger  up  causing-  the  contacts  to  open.     By  adjusting  the  length  of  the  plunger,  the 
amount  of  current  required  to  pull  the  plunger  up  can  be  varied.    An  oil-filled  dashpot 
added  to  provide  a  time  delay.    A  plate  on  the  bottom  of  the  plunger  is  submerged  in  the 
oil  emd  acts  as  a  piston.     The  plate  has  holes  in  it  that  can  be  adjusted  in  size  to 
change  the  time  delay.     When  the  coil  pulls  the  plunger  up,  the  oil  must  flow  through  the 
hole  in  the  plate  as  the  plunger  rises.     By  changing  the  size  of  the  hole,  the  time  delay 
can  be  increased  or  decreased.     QuicX  tripping  is  obtained  through  the  use  of  a  light 
grade  dashpot  oil . 


3^ 
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Figure  48.  Magnetic  Overload  Relay 
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Selecting  Heaters 


The  overload  relay  size  is  determined  by  the  full  load  current  of  the  motor  it 
protects.    When  selecting  the  heaters  to  protect  a  motor,  you  jhould  check  the  motor  data 
plate  to  find  the  full  load  current.    Each  manufacturer  normally  puts  a  heater  selection 
table  in  the  controller  cover.     Heaters  are  not  identified  by  amperage,  but  by  the 
manufacturer's  catalog  number.    By  using  the  full  load  current  of  the  motor  to  be 
protected  and  referring  to  the  manufacturer's  table,  the  proper  heater  can  be  selected. 
Figure  49  is  a  Cutler-Hammer  heater  table.     If  the  full  load  current  of  a  2  hp  motor  at 
230V  is  6.8  amps,  the  heater  required  would  be  an  H1033. 


HIATIRCCn.  SBLSCnON  TABLES 


For  8lu  1  SUrter 

For  Stze  2  Starter 

For  Stse  3  Starter 

For  Slxe  4  Starter 

Ampere 
Range 

No. 

Ampere 
Range 

Catalog 

No. 

Ampere 
Range 

Catalog 

No. 

Ampere 
Range 

Catalog 

No. 

Ampere 
Rtnge 

Catalog 
No. 

.  157-.  177 
. 378.. 188 
. 188..  223 
.224 -.249 
250-.  280 

HI  101 
HI  102 
HI  103 
HI  104 
HI  105 

2.30-2.45 
3.46.2.74 
3.75-3,07 
3.<1)8.3.42 
3.43-3.81 

H1024 
H1025 
H1026 
H1066 
H1027 

3. 88-4. 35 
4.36-4.81 
4.82-5. 35 
9. 36-5.96 
5.97-6.63 

H1028 
H1028 
H1090 
H1031 
H10S3 

8.72-8.67 
8. 68-10. 8 
10.9-12.0 
12. 1-13.  5 
13. 6-15.0 

H1035 
H10S6 
H1037 
H1038 
H1038 

19. 5-21. 9 

22.0-  24.7 
24.8-29.0 

29.1-  31.9 
32.C'>36.1 

H1042 
H1043 
H1044 
H1045 
H1046 

.281..  313 
.314..  353 
.  354..  385 
.386..  445 
.446..  489 

HI  106 
HI  107 
HI  108 
HI  109 
HI  110 

3.82-4.27 
4.28-4.71 
4.72-5.24 
5. 25-5.87 
5. 88-6.48 

H1028 
H1028 
H1030 
H1031 
H1032 

6.64-7.41 
7.42-8.23 
8.24-9.19 
9. 20-10.2 
10.3-11.4 

H1033 
H1034 
H1035 
H1036 
H1037 

15.1-  16.8 
18. 8-18.1 

18.2-  21.6 
21.7-24.5 
24. 6-27. 8 

H1040 
H1041 
H1042 
H1043 
H1044 

36. 2-  40.7 
40.8-46.2 

46. 3-  52.4 
52. 5-58.2 
58. 3-68. 3 

H1047 
Hl04a 
H1049 
H1050 
R1051 

.500..  562 
.563-.  631 
.632-.  711 
.712..  789 
.800..  903 

Hllll 
H1112 
H1113 
HI  114 
H1115 

6.48-7.27 
7. 28-8. 14 
8.15-8.03 
8.04-10.0 
10.1-11.2 

H1033 
H10S4 
H1035 
H1036 
H1037 

11.  5-12.8 
12. 8-24.1 
14.2-15.8 
16.0-18.1 
18.2-20.4 

H1038 
H1038 
H1040 
H1041 
H1042 

27.9-31.5 
31.6-35.5 

35.6-  40.3 
40.4-45.6 

45.7-  51.8 

H1045 
H1G48 
H1047 
H1048 
H1048 

66.4-75.1 
75. 2-87. 1 
87.2-89.9 
100.  -113. 
114.  -129. 

H1052 
H1054 
H1055 
HI0S6 
H1057 

.904.1.01 
1.02.1.13 
1. 14.1.27 
1. 28-1. 43 
1.44.1.60 

H1116 
H1117 
H1016 
H1019 
H1020 

11.3-12.5 

12. 6-  13. 8 
13. 8-15.6 

15.7-  17.7 

17.8-  18.9 

H10S8 
H103B 
H1040 
H1041 
HI  042 

20. 5-  23. 3 
23.4-26.5 

26.6-  30.3 
30.4-34.7 
34. 8-38. 6 

H1043 
H1044 
H1045 
H1048 
H1047 

51.9-58.6 
58.7-65.2 
65.  3-74.  3 
74.4.86.3 
86.4-90.0 

H1050 
H1051 
H1052 
H1054 
H1055 

ISO.  -135. 

H1058 

1.61.1.78 
1.80.1.88 
1. 99.2. 19 

H1021 
H1022 
H1023 

20.0-22.5 
22.6-25.3 
25.4-27.0 

H1043 
H1044 
H1G45 

38.7-45.0 

H1048 

Figure  49.     Heater  Table 


b.  Read  paragraphs  7-28  and  8-22  in  the  Modern  Refrigeration  textbook, 
to  discuss  and  answer  questions  in  class  over  the  assigned  material. 


Be  preprared 
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SCHEMATIC  INTERPRETATION  AND  ELECTRICAL  TROUBLESHOOTING 


OBJECTIVE 


To  help  you  learn  to  interpret  schematic  diagrams  and  to  perform  electrical 
t  r  oub  1  e  9  hoot  i  ng  • 

INTRODUCTION 

This  studyguide/workbook  will  prepare  you  for  the  instruction  to  be  conducted  in 
days  8,  9  and  10.     You  must  accomplish  the  sections  assigned  for  each  day  and  be  prepared 
for  a  test  over  the  material  when  you  come  to  class. 


Read  the  following  paragraphs  and  emswer  the  questions. 

At  first  glance,  a  detailed  wiring  diagram  may  seem  difficult  to  understand.     It  may 
help  to  think  of  a  wiring  diagram  as  a  type  of  road  map.     You  should  have  some  kind  of 
idea  of  where  you  are  and  where  you  want  to  go.     It  would  be  foolish  to  study  a  road  map 
of  California  if  you  were  planning  a  trip  in  Texas.     The  same  is  true  of  wiring  diagrams.  • 
Identify  the  area  that  immediately  concerns  you.     It  is  unlikely  that  you  will  need  to 
consider  more  them  one  circuit  at  a  time. 

o        When  studying  a  wire  diagram  it  may  help  to  think  of  it  as  a  type  of   


Observe  Figure  50.     Probably  the  first  thing  you  vould  need  to  know  about  any 
electrical  circuit  is  if  it  has  power  to  the  circuit.     Let's  look  at  the  power  source  as 
indicated  on  the  left  side  of  the  drawing.    A  voltmeter  check  at  the  power  source  will 
show  if  the  system  is  deceiving  proper  voltage  (120  volts). 

o        What  is  the  first  thing  you  would  need  to  know  about  an  electric  circuit? 


o        The  supply  voltage  for  Figure  50  is    volts. 


Read  the  paragraph  below  and  answere  the  following  questions. 

Now  let  us  look  at  the  lighting  circuit.    What  type  of  circuit  is  it?    It  has  more 
than  one  path  for  current  to  flow  with  one  unit  of  resistance  in  each  path,   so  it  must  be 
a  parallel  circuit.     In  tracing  any  circuit,  the  best  place  to  start  is  at  the  power 
source.     Usually  the  negative  side  of  the  power  source  is  used.     It  should  be  determined 
if  the  circuit  is  drawn  "Power  On"  or  "Power  Off".    A  circuit  that  is  drawn  "Power  On" 
will  show  the  relay  contacts  in  the  position  they  will  normally  be  when  the  circuit  is 
operating.     Figure  A  is  drawn  with  the  "Power  On".     If  the  circuit  is  drawn  with  the 
"Power  Off"  it  may  be  necessary  to  change  the  circuit  as  you  trace  current  flow* 
Sometimes  you  may  desire  to  use  colored  pencils  to  trace  out  circuits. 
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Figure  50.  Lighting  Circuit 


ERIC 


o       Where  is  the  best  place  to  start  tracing  a  circuit? 


o 

power? 
o 
o 


When  tracing  a  circuit  should  you  start  at  the  positive  or  negative  side  of 


Figure  A  is  drawn  with  the.  "Power 


When  the  circuit  is  drawn  with  the  "Power  Off"  it  may  be  necessary  to 
  the  circuit  as  you  trace  it. 


Read  the  paragraph  below  and  answer  the  following  questions  • 

Let's  take  a  look  at  figure  A  again.    We  have  already  determined  that  the  circuit  is 
dravm  with  "Power  On".     Now  let's  trace  the  current  flow  through  the  various  components. 
First  we'll  trace  current  flow  through  the  receptacle  C.     Starting  at  neutral  Nl  we  see 
that  the  current  will  flow  first  to  the  receptacle,  thin  bypass  the  transformer  I  and  on 
to  Fuse  (T).     That  is  the  complete  circuit  for  receptacle  C. 


The  voltage  at  receptacle  C  is 


volts . 


Read  the  paragraph  below  and  answer  the  following  questions. 

The  next  circuit  we'll  trace  out  is  for  transformer  I.    Begin  at  N2  and  trace  the 
current  flew  through  the  primary  coil  of  transformer  I  and  back  to  fuse  (T).     This  is  the 
circuit  for  the  primary  coil  of  transformer  I.     If  we  take  a  closer  look  at  transformer  I 
we'll  see  that  it  is  a  step-down  transformer.     The  voltage  is  stepped  down  to  24  volts  in 
the  secondary  coil.     This  secondary  coil  supplies  power  for  ccxnponents  F  and  H.  By 
starting  at  the  bottom  of  the  secondary  coil  we  can  trace  current  flow  through  push 
button  switch  E  to  buzzer  F  and  back  to  the  secondary  coil.     When  pushbutton  E  is  pressed 
it  completes  the  circuit  and  buzzer  F  operates. 

Starting  once  again  at  the  bottom  of  the  secondary  coil  we  can  trace  current  flow 
t-hrough  switch  D  to  the  coil  in  relay  H-     When  switch  D  is  closed  the  coil  in  relay  H 
energizes  closing  the  contacts  in  the  motor  circuit.     The  current  then  flows  back  to  the 
secondary  coil.     Since  there  are  two  paths  for  current  to  flow  with,  one  unit  of 
resistance  in  each  path,  we  can  say  that  buzzer  F  and  relay  H  are  in  parallel. 


Trauxsformer  I  steps  down  voltage  from  120  volts  to 


volts . 


at 


Since  buzzer  F  and  relay  H  are  in  parallel,  we  can  say  both  components  operate 
volts . 


Read  the  paragraph  below  and  answer  the  following  questions. 


Now  let's  take  a  look  at  lights  J  and  K.     If  we  start  by  tracing  our  circuit  from 
N3,  we  can  tsrace  our  current  flow  to  light  K.     Here  our  current  branches  off  and  flows 
through  both  lights  J  and  K.     Current  will  flow  through  light  J  to  switch  B  and  also 
through  Light  K  to  switch  A.     Both  circuits  tie  in  at  switch  B  and  current  flows  on  past 
receptacle  C  and  txansformer  I  to  fuse  (T) .     Switches  A  and  B  control  the  lights.  Switch 
A  controls  light  K  and  switch  B  controls  light  J.     If  we  take  another  look  at  the 
circuit,  we  can  see  that  we  have  two  complete  paths  for  current  to  flow  with  one  unit  of 
resistance  in  each  path.     Therefore,  we  can  say  lights  J  and  K  are  in  parallel. 

o        Which  light  does  switch  A  control? 


Tlie  voltage  for  lights  J  and  K  is 
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Read  the  paragraph  and  answer  the  following  question. 

The  last  con5>onent  to  trace  current  flow  throuogh  in  this  diagi-am  is  the  tiotor.  If 
we  begin  tracing  our  current  flow  at  N4,  we  can  see  that  our  current  will  f .ow  first  to 
our  motor  G  and  then  on  through  the  contacts  of  Relay  H.     (Remember  that  the  contacts  in 
the  relay  close  when  the  coil  is  energized  by  closing  switch  D.)     From  relay  H  our 
current  flows  to  fuse  (M).     That  is  our  complete  circuit  for  Motor  G. 

o       Which  component  does  switch  D  control  to  operate  the  motor. 

Though  figure  A  may  have  seemed  complicated  at  first,  by  breaking  it  down  and 
tracing  out  the  separate  components,  we  greatly  simplified  it.     In  time,  with  practice 
and  patience,  you  will  be  able  to  interpret  schematic  diagrams  with  little  difficulty. 


STOPl     You  have  completed  the  assignment  to  be  accomplished  prior  to  Day  8  class. 
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Accomplish  the  folloving  f^asignment  prior  to  Day  9  class* 


TROUBLESHOOTING  ELECTRICAL  CIRCUITS 


Read  the  following  paragraphs  and  answer  the  questions. 

Trouble  with  a  refrigeration  unit  often  involves  electrical  problems.  The 
refrigeration  technician  should  be  al^le  to  troubleshoot  electrical  circuits.    Trying  to 
correct  electrical  troubles  before  knowing  the  type  ind  location  is  a  waste  of  time  and 
effort.    The  efficient  troubleshooter  analyzes  the  symptoms  first  and  then  locates  the 
trouble  before  any  corrective  action  is  taken. 

Electrical  troubleshooting  is  a  systematic  process  of  analyzing*  locating*  and 
correcting  electrical  troubles.     The  fundamental  steps  of  electrical  troubleshooting  aref 

o  Perform  Operational  Check 

o  Determine  type  of  trouble 

o  Locate  Trouble 

o  Perform  corrective  action 


A  wiring  diagram  of  the  electrical  system  that  is  being  worked  on  should  be  obtained 
so  that  the  types  of  circuits  and  units  involved  can  be  understood.     A  picture  of  the 
circuit  will  aid  in  troubleshooting  and  making  operational  checks  of  the  units. 

o        Define  troubleshooting.   


►   

o        The  fundamental  steps  of  electrical  troubleshooting  are:   


2. 
3. 
4. 


Read  the  following  paragraphs  and  answer  the  questions. 
Types  of  Troubles 

An.  important  fact  to  remember  is  that  there  are  only  three  types  of  troubles: 
OPENS*   SHORTS*   and  LOW  POWER. 

OPENS 


An  open  circuit  is  one  that  has  a  break  somewhere  in  it.     This  break  could  be 
located  in  the  wire*  in  the  switch*  fuse*  or  in  the  unit  of  resistance.     In  fact*  it 
could  exist  anywhere.     In  order  to  have  current  flow*  you  must  have  a  complete  path  or 
continuous  circuit. 
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Haturally,  1£  th0rm  is  a  br«ak  or  op«n  In  th«  circuit  thera  can  to«  no  current  £lw; 
tliarafora#  tha  emit  or  rasistanca  would  not  oparata,  sae  figure 


OPEN 

/_ 


Figure  51.     Open  Wire 

There  are  three  different  meters  that  can  be  used  to  locate  an  open.     These  are  the 
Voltmeter,  Ohmmeter#  and  Continuity  Tester. 

o       The  three  types  of  trouib'  es  are: 

1.  

2.    '  

3. 


o       An  open  circuit  is  one  that  has  a 


in  it. 


o       Will  there  be  current  flow  if  there  is  an  open  in  the  circuit? 


o       List  the  meters  used  to  locate  opens. 

1.  

2.  

3.  

Read  the  following  paragraphs  and  answer  the  questions 
Locating  Opens 

The  next  location  of  an  open  can  be  found  by  using  the  voltmeter.     You  should  first 
of  all  understand  what  a  voltmeter  indicates  in  a  normal  operating  circuit.  Figure 
  illustrates  normal  voltmeter  readings  throughout  the  circuit. 


(f)  (f)^ 

2SV  2eV       2SV  2SV  2eV 


Figure  52.    Normal  Voltmeter  Readings 
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A  voltmeter  connected  positive  to  negative  chould  always  indicate  the  difference  in 
voltage  across  the  two  points.    A  voltmeter  connected  negative-to-negative  or 
positive-to-positive  should  not  give  a  difference  in  electrical  pressure,  see  Figure  53. 
The  last  voltmeter  in  Figure  53  connected  negative-to-negative  and  th«ra£ore  is  reading  0 
volts.     Readings  other  than  these  are  considered  abnormal.     Exact  location  of  an  open  can 
be  found  in  the  positive  or  negative  pv\rts  of  che  circuit  between  a  normal  and  an 
abnormal  reading. 


o  A  voltmeter  connected  positive-to-positive  will  read 
Read  the  following  paragraphs  and  answer  the  questions. 


volts . 


Figure  53  illustrates  a  voltmeter  being  used  to  find  an  open  in  wire  A-4.     The  open 
is  located  between  the  last  point  of  source  voltage  and  the  first  point  of  zero  voltage. 
In  Figure  53  the  last  point  of  source  voltage  (28  volts)  and  the  first  point  of  zero 
voltage  (0  volts)  is  at  A-4.     Therefore,  the  open  is  at  A-4. 


A-2 

A-3  - 

A.4 

NORMAL 
REA0IN6 

ABNORMAL 
REACNG 

V 

Figure  53.     Locating  an  Open  in  Wire  A-4 


In  Figure  54,  a  voltmeter  is  being  used  to  locate  an  open  in  the  circuit. 


©0 

2tv  av 


A2   _  AS 


0 


©00   000  00 


«v    |MV  nav  T2tV 


AIIMCRMAL  NORMAL 
REAOmO  REAOlRa 


Figure  54.    Locating  an  Open  Wire  A-6 
The  exact  location  is  wire  A-6. 
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Study  the  illustration  and  complete  the  sentences  below. 


The  open  is  located  in  wire  A  - 


With  one  meter  lead  on  wire  A-1  and  the  other  on  wire  A-6,  the 

meter  will  indicate  _voltB. 

Zero/28 

With  one  meter  lead  on  wire  A-1  and  the  other  on  wire  A-3,  the 

meter  will  indicate   volwS. 

Zero/28 


Read  the  following  paragraphs  and  answer  the  questions. 

Opens  can  also  be  found  by  using  an  ohmmeter  or  a  continuity  meter.     POWER  MUST  BE 
OFF  and  the  circuit  ISOLATED  when  using  these  meters.     In  Figure  55,  an  ohmmeter  is  being 
used  to  locate  an  open  in  %n.  re  A- 6. 

(Note:     The  fuse  has  been  removed  to  isolate  the  circuit.) 


ABNORMAL  NORMAL 
READING  READING 


Figure  55.  Locating  an  Open  with  an  Ohmmeter 


CAUTION:     Connecting  an  ohmmeter  to  a  live  circit  will  damage  the  ohmmeter. 

In  Figure  55,  you  will  notice  that  the  ohmmeter  does  not  register  continuity  all  the 
way  through  the  circuit.     The  open  is  found  between  the  first  continuity  reading  (O-H-) 
and  t^e  last  infinity  reading  (    oo  )• 

The  ohmmeter  indicates  continuity  (uninterrupted  good  connection)  when  registering 
zero  ohms  (O-n-  )  and  infinity  (     «o       unmeasurable)  when  circuit  is  open. 
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study  illustration  below  and  conplete  sentences. 


6 


^      ^       -Tl.  u-V 


NV]  fOHII 


The  open  is  located  in  wire  A  - 


With  one  meter  lead  on  wire  A-2  and  the  other  lead  on  wire  A-5,   the  meter  will 
indicate  ohms. 

With  one  meter  lead  on  wire  A-2  and  the  other  on  wire  A-7,  the  meter  will  indicate 
.  ohms  • 

While  using  an  ohmmeter  the  power  must  always  be 
While  using  a  voltmeter  the  power  must  always  be 


Read  the  following  paragraphs  and  answer  the  questions. 
SHORTS 

A  short  means  that  there  is  .on tact  where  there  should  not  be  contact;  consequently 
there  is  current  flow  where  there  should  not  be  current  flow.  Indications  of  shorts  are 
units  operating  that  should  not  be  operating,  blown  fuses  and  tripped  circuit  breakers. 

DIRECT  SHORT 

In  the  case  of  a  direct  short,  a  negative  lead  is  in  contact  with  a  positive  lead, 
by  passing  the  unit  of  resistance. 

FrcMn  Figure  56  you  can  see  that  current  in  this  situation  will  take  the  path  of 
least  resistance.  The  excessive  current  flow  will  cause  the  fuse  to  blow,  or  if  the 
protective  device  happens  to  be  a  circuit  breaker  will  trip,  opening  the  circuit. 


/  V 


Figure  56.     Direct  Short 


What  is  a  direct  short? 
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Rtt&d  th%  following  paragraph  and  answer  the  questions. 


Locating  Direct  Shorts 

Some  kind  of  a  continuity  test#  such  as  with  an  ohmmeter«  should  be  used  In  locating 
direct  shorts.     The  positive  leads  should  be  Isolated  and  the  testing  devices  connected 
across  the  Isolated  leads.    Notice  In  Figure  57$  an  dhnimeter  is  being  used  to  locate 
contact  between  Isolated  positive  leads  and  the  negative  lead.     Only  the  ohmmeter 
connected  to  A«-4  lead  Indicates  continuity  (0  };  therefore «  a-4  lead  must  be  touching 

the  negative  side  of  the  circuit,  providing  a  shortcut  for  current  to  flow. 


Figure  57.     Locating  a  Direct  Short 


o       What  type  of  meter  Is  used  to  locate  direct  shorts?  ^  . 

Read  the  following  paragraphs  and  answer  the  questions 
Cross  Shorts 

Where  as,  the  direct  short  Is  contact  between  the  positive  lead  of  a  circuit  and  the 
negative  lead  of  a  circuit,  the  cross  short  Is  caused  by  the  positive  leads  on 
Independent  circuits  coming  In  contact  with  each  other.     In  other  words  a  positi^'e  from 
one  circuit  touching  a  poeltlve  In  another  circuit. 

During  an  operational  checX,  a  cross  short  Is  Indicated  by  two  Independent  units 
operating  from  the  same  switch.  In  Figure  58,  x>08ltive  lead  A-8  xp  touching  positive 
lead  A-^.  Even  though  the  switch  which  controls  L2  is  open,  there  is  a  complete  path 
for  current  flow  from  A*-8  to  A-1;  consequently  L2  burns. 


KC-lftlO 


Figure  58.     Cross  short 
o       What  causes  a  cross  short? 


o        What  is  an  indication  of  a  cross  short? 
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Read  the  follovlng  paragraphs  and  answer  the  questions. 


Locating  Croas  Shorts 

The  sazne  testing  devices  and  procedures  are  used  in  locating  cross  shorts  as  were 
used  in  locating  direct  shorts.     Power  must  be  off  and  the  positive  leads  of  both 
circuits  isolated^  see  Figure  59* 


Figure  59.     Leads  Isolated 

After  both  circuits  are  isolated,  the  test  meter  is  connected  across  the  probable 
leads,   such  as  A-3  to  A-3  to  A-8,  A-4  to  A-8,  or  A-4  to  A-7.     Note  that  any  of  these 

combinations  would  have  the  same  effect.     In  Figure  60,  the  ohrameter  shows  the  cross 
short  to  be  between  A-3  and  A-8.     In  other  words,   the  meter  shows  continuity  between  the 
two  isolated  leads  (A-3  and  A-8)  where  there  should  NOT  be  continuity.     This  means  these 
two  positive  leads  are  making  contact. 


Figure  60.     Locating  a  Cross  Short 


o        To  locate  a  cross  short,  power  must  be 
leads  *of  both  circuits. 


and  the  positive 


o        Should  there  be  continuity  between  two  isolated  positive  leads  vAien  checking 
for  a  cross  short. 

Read  the  following  paragraphs  and  answer  the  questions 

Low  Power 

This  condition  is  often  found  in  old  buildings  or  in  areas  where  the  electrical  load 
has  been  increased  without  increasing  the  size  or  number  of  electrical  circuits.     A  low 
power  condition  is  indicated  by  diin  lights,  relay  chatter,   and  sluggish  motors. 
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If  a  low  power  condition  is  suspected*  all  the  electrical  units  on  the  circuit 
should  be  turned  on.     This  should  create  maximum  current  flow*    Voltage  drops  across^  the 
units  should  be  compared  with  total  voltage  available*     Figure  61  shows  a  line  loss 
check.     Here  our  motor  has  90  volts  where  it  should  actually  be  110  volts.     There  is  a 
low  power  condition  in  this  circuit. 

If  a  low  power  condition  is  suspected*  all  the  electrical  units  on  the  circuit 
should  be  turned  on.     This  should  create  maximum  current  flow.    Voltage  drops  across  the 
units  should  be  compared  with  total  voltage  availeible.     Figure  61  shows  a  line  loss 
checX.     Here  our  motor  has  90  volts  where  it  should  actually  be  110  volts.     There  is  a 
low  power  condition  in  this  circuit. 

If  a  low  power  condition  is  discovered,  the  electrical  lead  must  be  reduced  or  a  new 
circuit  installed. 


CC-1«40 


Figure  61.     Voltage  Drops  Should  Equal  Total  Voltage 
o        Where  are  low  power  conditions  often  found?   


o        List  the  indications  of  low  power? 
1. 


2. 


3. 


o        What  should  you  do  if  a  low  power  condition  is  suspected? 


o        If  a  low  power  condition  is  discovered  what  should  be  done? 
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Read  the  following  paragraph  and  answer  the  questions. 


Shorted  Switches 

Another  type  of  trouble  that  is  common  in  electrical  circuits  is  shorted  switches < 
A  shorted  switch  is  one  that  fails  to  break  contact  when  it  is  placed  in  the  OFF 
position.    The  effect  of  a  shorted  switch  is  that  the  unit  operates  continuously.  Any 
test  meter  c/m  be  used  to  determine  whether  the  switch  is  defective,     in  Figure 
62,  an  ohmmeter  indicates  that  the  switch  is  shorted. 


L0J 


on 


Figure  62.     Checking  for  a  Shorted  Switch 


o        Define  a  shorted  switch. 


o        What  is  the  effect  of  a  switch? 


Read  the  following  paragraphs  and  answer  the  questions. 
Safety  Precautions 

The  first  thing  a  technician  should  always  think  about  is  safety .     Working  safely 
implies  several  things: 

o        Safety  to  the  service  technician 

o        Safe  handling  of  tools  instruments  and  equipment. 

Since  refrigeration  and  air  conditioning  units  are  usually  motor  driven,  electrical 
supply  to  the  system  presents  some  hazard.     IT  electrical  circuits  are  not  properly 
insulated  and  handle,  it  is  possible  for  the  operator  to  receive  a  dang^^rous  electrical 
shock. 

Always  disconnect  the  power  or  make  sure  all  electrical  components  are  safe  before 
beginning  on  a  job.     An  electrical  short  across  a  watch  or  ring  can  cause  a  severe  burn. 
It  is  best  to  remove  watches  and  rings  when  working  on  electrical  equipment. 

Be  sure  to  use  all  safety  precautions  when  using  test  equipment.     Improper  usage  can 
cause  damage  to  the  meters  and  possible  injury  to  the  service  technician. 


o       What  should  you  do  before  working  on  a  unit? 


o        Why  should  you  remove  watches  and  rings  before  working  on  electrical  units;}' 


sroiM     You  have  completed  t'lc    :  .=  i^-:/  ^nt  to  be  accomplished  prior  to  Day  9  class. 
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Acccxaplish  the  following  assignment  prior  to  day  10  class. 


ISOLATION  PRODECURES  IN  TROUBLESHOOTING 
Read  the  following  paragraphs  and  answer  the  questions. 

We  have  already  learned  that  troubleshooting  is  a  systematic  process  of  analyzing, 
locating,  and  correcting  electrical  troubles.     When  troubleshooting  a  circuit,  the 
service  technician  must  be  able  to  locate  the  problem  and  isolate  it  down  to  the  smallest 
component.     Knowing  the  circuit  symptoms  that  each  type  of  trouble  indicates  will  aid  you 
greatly  in  the  location  and  repair  of  the  malfunction.     Location  of  t'le  exact  place  in 
the  circuit  that  is  causing  the  malfunction  usually  requires  some  type  of  test  equipment. 
You  should  first  identify  the  type  of  electrical  trouble,  ernd  then  select  the  correct 
test  equipment  to  locate  the  exact  wire  or  unit  causing  the  trouble.     it  should  then  be 
an  easy  matter  to  repair  the  trouble. 

o        A  service  technician  must  be  able  to  locate  a  problem  and   it 

down  to  the  smallest  component.  ' 

o        The  first  thing  a  service  technician  should  do  is  the  type 

of  electrical  problem. 

Isolation  of  Electrical  Troubles 

Read  the  following  paragraphs  and  answer  the  questions. 

Look  at  Figure  63  and  note  that  five  individual  troubles  are  indicated.     We  will 
consider  them  one  at  a  time.     The  trouble  indication  will  be  stated,   an  analysis  will  be 
given,  the  meter  readings  discussed  and  the  trouble  identified  for  each  of  the  five 
troubles. 

Trouble  number  one  was  indicated  by  an  inoperative  motor.     A  visual  check  showed 
that  our  relay  was  still  operating.     Since  no  power  was  reaching  the  motor,  an  open 
circuit  is  indicated.     When  a  voltmeter  was  placed  across  the  fuse  at  the  power  source, 
the  voltmeter  read  120  volts.     Normally,  a  fuse  does  not  offer  resistance  to  a  circuit 
and  therefore  should  not  cause  a  voltage  drop.     Since  this  fuse  is  using  all  the  voltage 
in  the  circuit,  it  must  be  open.     When  the  fuse  is  replaced,  the  circuit  operates 
normally. 

o        What  was  the  indication  for  trouble  number  one? 


o        Should  there  be  a  voltage  drop  at  the  fuse? 


Real  the  following  paragraphs  and  answer  the  questions. 

Trouble  number  two  is  indicated  by  no  alternating  current  to  the  system  (nothing 
works).     This  also  indicates  an  open  circuit.     By  looking  at  the  diagram  we  see  that  only 
lines  that  could  affect  the  circuit  in  this  manner  are  the  main  hot  and  neutral  lines. 
If  we  check  the  hot  line,  we  find  that  there  are  no  problems  but  the  neutral  line  shows  a 
voltage  drop  of  120  volts.     The  neutral  line  is  not  a  unit  of  resistance  and  should  not 
cause  a  voltage  drop.     Since  the  neutral  line  is  using  all  the  voltage,  it  must  be  open. 
When  this  line  is  replaced,  the  circuit  operates  normally. 

o        What  was  the  indication  for  troubles  number  two? 


o        A  voltmeter  placed  negative  to  negative  should  get  a  reading  of 
volts . 
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Read  the  following  paragraph  and  answers  the  quests 


on. 


\  Trouble  nuinber  three  is  indicated  by  light  J  being  continuously  lit.    Placing  switch 
V    '  position  does  not  turn  out  the  licfht.     This  indicates  that  switch  B  is 

shorted.    By  turning  ^ff  the  power  and  unscrewing  the  light  bulb  to  isolate  the  circuit 
we  ci^n  use  an  ohnnneter  to  check  the  switch.     The  ohmmeter  shows  continuity  throudh  the 
switch  in  both  the  ON  and  OFF  position.     This  indicates  that  the  switch  is  shorted.  When 
the  ©witch  is  replaced  the  circuit  resumes  normal  operation. 

0       A  switch  which  fails  to  break  contact  is  known  as  a   switch. 

Read  the  following  paragraph  and  answer  the  qqestions. 

Trouble  number  four  is  indicated  by  an  inoperative  motor  G.     Further  investigation 
reveals  that  relay  H  is  not  operating,  consequently  the  contacts  are  not  completing  the 
motor  circuit  and  motor  G  will  not  operate.     This  indicates  an  open  in  the  relay  circuit. 
By  turning  off  the  power  and  checking  the  circuit  with  an  ohmmeter,  we  find  that  there  is 
no  continuity  in  the  coil.     This  means  that  there  is  an  open  in  the  coil  and  the  relay 
must  be  replaced.     When  the  relay  is  replaced,  the  circuit  resumes  normal  operation. 

o       Why  wouldn't  motor  G  work? 


o 

\ 

Hov  was  trouble  four  repaired? 

Read  the  following  paragraph  and  arswer  the  question. 

Trouble  number  five  is  indicated  by  light  K  being  inoperative.    A  meter  check  at 
switch  A  reveals  the  switch  to  be  good.     By  checking  light  K  with  a  voltmeter,  we  find 
that  we  have  120  volts  applied.     This  indicates  that  we  have  an  open  in  light  K.  When 
the  light  is  replaced,  the  circuit  operates  normally. 

o        What  is  the  indication  for  trouble  number  five? 
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Figure  63.     Electrical  Troubles 


8tu^  Figure  64  and  rMd  thm  indications  for  each  trouble  then  answer  the  following 
questions • 

Trouble  nuiA>er  one  was  indicted  by  condensation  and  frost  around  freeser  door.  This 
iidicates  a  problem  with  the  Mullion  Drier  Circuit.    A  check  with  an  ohmmeter  shows  no 
continuity  through  the  heater. 


What  is  the  trouble? 


o       What  must  be  done  to  correct  this  problem? 


Could  this  problem  have  been  found  by  using  a  voltmeter? 


Trouble  number  two  was  indicted  by  the  unit  running  all  the  time*    A  check  with  an 
ohmmeter  shows  that  the  thermostat  has  continuity  whether  it  is  ON  or  OFF* 

o        What  is  the  problem?   ^  


How  can  this  problem  be  corrected? 


Trouble  number  three  is  indicated  by  an  inoperative  fan  motor.     By  checking  the 
motor  we  find  that  we  have  no  power  applied  to  it.    A  voltmeter  check  between  the  motor 
and  the  switch  gives  us  a  reading  of  120  volts. 

o        What  is  the  trouble?  


How  can  this  problem  be  corrected? 


Trouble  number  four  is  indicated  by  the  whole  system  being  inoperative.  This 
problem  indicates  an  open  circuit.     A  voltmeter  check  shows  a  reading  of  120  volts  across 
the  fuse. 


o  Should  there  by  a  voltage  drop  across  the  fuse? 
o        What  is  the  trouble?   


o 

How  can  this  problem  be  corrected? 

ERIC 
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TtoOble  number  five  is  indicated  by  the  compressor  motor  not  operating.  A 
dotttinuity  check  shows  that  the  compressor  is  good.    By  checking  the  relay  we  find  that 
We  have  no  continuity  through  the  coil. 

o        Should  the  relay  coil  have  continuity?  . 

o        What  is  the  trouble? 


o        What  component  must  be  replaced  to  make  the  unit  operate? 


DOOR  S\^aTCH  PFFRTGFPATOK  tAMf 


IZOV 


FAN 
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Figure  64.     Electrical  Troubles 
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RMd  thm  followliig  paragraphs  and  anawar  tha  quastio:!. 


RapXactmant  Procaduras 

Oiica  a  unit  or  conponent  has  been  identified  as  the  8ourt:e  of  trouble,  it  is 
nacaasnry  to  replace  the  malfunctioning  part.     It  will  be  necessary  to  identify  exactly 
the  unit,  that  you  are  replacing,.    Components  can  look  alike  without  operating  the  same. 

Once  you  have  stained  the  dzact  replacement  part,  you  are  ready  to  start  your 
raplacamant.     You  should  first  make  a  sketch  ^f  the  installed  unit  prior  to  removing  it. 
Identify  the  conductor  terminals  by  color,  niimber,  and  location  on  the  unit.     Clieck  the 
position  of  the  installed  unit  since  it  is  possible  in  some  cases  for  part  of  the 
operation  to  rely  on  gravity,  as  in  motor  'starters  and  some  relays. 


It  is  necessary  to 


  the  unit  you  are  replacing. 


o        Before  removing  the  component  you  should  make  a 
is  connected. 


of  how  it 


Why  is  it  necessary  to  notice  the  position  of  some  components  before  replacing 


them? 


Read  the  following  paragraph  and  answer  the  question . 

Be  sure  to  shut  off  all  electrical  power  and  tag  the  circuit  breaker  that  controls 
electrical  power  to  the  unit  to  stop  anyone  from  turning  the  power  on  to  the  circuit 
while  your  working  on  it.     It  may  be  necessary  to  shut  off  and  bleed  down  pressure  in  gas 
and  liquid  lines.     If  it  is  necessary  to  remove  components  installed  in  these  lines  such 
as  in  the  case  of  solenoid  valves. 

o        Why  should  you  tag  the  circuit  breaker  when  you  are  working  on  a  circuit? 


Read  the  following  paragraph  and  answer  the  questions . 


Now  you  can  loosen  the  conductor  terminal  connections  and  move  the  conductors  out  of 
the  way.     loosen  the  devices  used  to  mount  the  unit,  these  could  be  bolts,  screws  or 
nuts.     If  the  unit  is  attached  by  soldering,  care  must  be  taken  in  heating  the  solder 
joints  to  prevent  damage  to  the  joints  or  insulation.     I.^  alignment  is  a  factor^  check 
distances  and  measurements  involved.     Remove  the  component.     Set  the  replacement 
component  in  place,  align  the  component  if  necessary  and  make  the  necessary  adjustments. 
Make  the  necessary  mechanical  connections.     R^fer  to  your  sketch  and  make  the  electrical 
connections.    Go  to  the  circuit  breaker  panel,  remove  the  tags,  and  reset  the  breakers. 
Perform  an  operational  check  on  the  system  to  make  sure  it  is  operating  properly. 


Why  should  care  be  taken  in  heaving  a  soldered  joint? 


o        Perform  an 
it  operates  properly." 


on  the  system  to  make  sure 
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3770  Technical  Training  Group 
(Civil  Engineering  Training) 
*     Sheppard  Air  Force  Base,  Texas 


WB  J3ABR54530  001-1-2 


CXVIL  ENGINEERING  ORGANIZATION  AND  SAFEl/ 
PART  1 


DAY  1 


OlUF.rTrVE:     ITs^ng  the  material  provided,   identify  the  career  laddc^r  proKr<?sRi  on ,  thr»^e 
iliil  livs  of  tht*  appronticti  rerrigeratlon/cryogonics  specialist,  mission,  and  organisation 
of  CE  units,  with  no  more  than  "our  errors. 

PnoCBDURE 

Using  your  Study  Guide/Workbook ,  Programmed  Text  2TPT-9039-01 ,  and  classroom  notes, 
complete  the  following  exercises  as  indicated.     You  have  approximately  15  minutes  to 
complete  this  activity. 

Enter  the  appropriate  AFSC(s)  in  the  space  provided  to  show  career  progression* 


e. 
f . 


54550 

54510 

54ri30 

99000 

54570 
54599 


AB 

AMN 

AlC 

SrA 

SGT 

SSGT 

TSGT 

MSGT 

SMSGT 

CWSGT 


2.  Select  from  the  following  list  of  duties,  three  that  are  performed  by  the  apprentice 
refrigeration/cryogenics  specialist.     Plac3  the  letter  denoting  this  duty  in  the 
space  provided. 

a.  Operate  and  maintain  refrigeration,  air  conditioning,  ventilation  systems. 

b.  Maintain  tools  and  equipment. 

c.  Supervise  on-the-job  training. 

d.  Analyze  unsatisfactory  reports  and  correct  defective  equipment. 

e.  Install  refrigeration,  air  conditioning,  and  ventilation  equipment. 

1.   

2.   

3.  

3.  Complete  the  following  statement  of  the  CE  mission  by  filling  in  the  blanks  with  the 
correct  word. 
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The  primary  mission  of  Civil  Engineering  activities  is  to 

 '     and  real  property  facilities,  and  provide 

r  e  Xa  t ed 

— ^  '   and  other  support  work  and  services. 


Complete  the  following  statement  related  to  the  Civil  Engineering  organlzatinnil 
structure  by  filling  in  the  blanks  with  the  correct  words.  ortani^ation.i i 

There  are  seven  branches  responsible  to  the  Operations  Division.     You  will  be 
assigned  to  the    Branch. 


i 
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PART  2 


OBJECTIVL 

Using  material  provided,  identify  basic  facts  relating  to  the  AF  Occupational  Safety 
and  Health  (AFOSH)  program  with  80%  accuracy. 

PROCEDURE 

Match  the  statements  in  the  right  column  to  their  corresponding  AFOSH  program  in  the 
left  column.     Some  items  in  the  left  column  may  be  used  more  than  once.     Some  statements 
In  the  right  column  may  not  be  used  (may  be  left  blank  because  there  is  no  matching  item 
iivatliblo  in  loft  column).     You  may  usn  Study  Guide/ Workbook  and  class  notes.     You  will 
hvt  allowed  approximately  30  minutes  to  complete  this  criterion.     You  must  correctly 
answer  12  of  the  items  to  pass  the  criterion* 


a . 

AFOSH  Standards 

1. 

Class  A,  Class  B,  Class  C,  and  Class 
D 

h 

Hazards  of  AFSC 

2. 

Infiltration 

C . 

Job  Safety 

3. 

Reported  to  all  levels  of  Command 

d. 

Fire  Prevention 

4. 

Horseplay 

e* 

Occupational  Health 

Training 

5. 

A  Security  Interest  created  in 

L  • 

Hazard  Reporting 

and 

Abatemen  t 

immovable  property 

o  • 

Mishap  Reporting 

and 

Investi- 

6. 

A  special  AF  publication  which  pre- 

gation 

scribes  conditions  necessary  to  pro- 

vide a  safe  working  environment 

7. 

A  piece  of  work  done  as  part  of  the 

routine  of  one's  occupation 

8. 

Electric  feedback 

9. 

High  accident  potential 

10. 

Well  lighted  work  areas 

11. 

Given  to  newly  assigned  workers 

12. 

Elimination  of  a  safety  deficiency 

13. 

Phosgene  gas 

14. 

Volume  I  and  Volume  II 

lf>.  Safety  staff  plays  a  koy  role 
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PART  3 

OBJECTIVE 

Using  material  provided,  state  three  of  the  rules  concerning  individual  responsibil 
ities  to  the  AFOSH  program.     No  errors  allowed. 


PROCEDURE 

Using  your  classroom  notes  and/or  Study  Guide/Workbook,  list  three  of  the  indivi- 
dual's responsibilities  to  the  AFOSH  program.     You  will  be  allowed  approximately  throe 
minutes  to  complete  this  criterion. 
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PART  4 


DAY  2 
OBJECTIVE 

Given  the  information,  list  the  first  aid  procedures  for  electrical  shock,  control- 
ling bleedings,  traumatic  shock,  and  heat  exhaustion  and  heat  stroke,  with  S0%  accuracy. 

PROCEDURE 

lAfit  the  first  aid  procedures  applicable  to  the  situations  below.     You  must  answer  8 
of  the  10  items  correctly  to  pass.     You  will  be  allowed  approximately  15  minutes  to 
complete  this  criterion. 

1.     You  come  upon  a  person  who  has  received  an  electric  shock  and  is  not  breathing*  He 
is  no  longer  in  contact  with  the  live  circuit.     What  should  you  do? 


2.     In  the  above  situation,  where  would  you  check  for  a  pulse? 


3*     When  performing  artificial  respiration,  how  is  an  open  airway  to  the  victim's  lungs 
assur ed? 


4.     Airman  Garcia  has  received  a  wound  to  his  right  arm  and  he  is  losing  blood.  List 
the  first  aid  steps  you  should  take. 


5*     DcMnc  (traumatic)  shock. 


6.     List  the  symptoms  of  (traumatic)  shock. 
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Airman  Garcia  has  lost  enough  blood  that  he  has  gone  into  shock.  List  the  s 
you  should  take  to  treat  him  for  shock. 


You  are  working  with  Airman  Oliver  outdoors  on  a  hot  day.     She  first  complains  of  a 
headache.    A  while-later  she  says  she  feels  sick,  dizzy,  and  that  she  might  faint. 
You  notice  that  she  is  perspiring  freely.     Using  these  symptoms,  what  would  you 
expect  the  trouble  to  be? 


List  the  first  aid  procedures  you  would  use  to  help  Alr.mn  Ollv<»r. 


♦Extended  exposure  to  a  warm,  humid  environment 
♦Flushed,  hot  dry  skin 
♦High  body  temperature 
♦Rapid  and  bounding  pulse 
♦Semi-consci  ous 

The  conditions  listed  above  would  be  symtomatic  of  what  problem? 


List  the  first  aid  proceriuros  yoit  .sH>iild  apply  for  this  problem. 
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HAND  TOOLS 
PART  1 

OBJECTIVE 

Given  information  and  randomly  selected  hand  tools,  identify  them,  state  their  use, 
safety  precautions,  and  maintenance  procedures  with  75*o  accuracy. 

PR')CR1)URES 

Using  the  tools  displayed  on  the  table  (numbered  1  through  25),   identify  the  tools 
and  state  their  use  in  the  columns  to  the  right  of  the  matching  numbers  below.  Also 
answer  tho  questions  on  page  3-2.     You  are  allowed  to  miss  no  more  than  six  of  the  tool 
idi'tiU  r  irations.     Questions  should  be  at  It^ast  75%  cor  roi:  t/oompl  oto.     You  have 
api>roxim:itely  20  minutes  to  complete  this  criterion. 


Tarn;' 

NO.  NAME 

 1_  

 2  

^  J  

4  

 5  

G 

J7  

_8  

9  

10  

11  

12  

_1^3  

14  

15  



17  

IH  

_19  

_20  

21  

^2  

o 
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TOOL 

NO.  NAME  USE 


23 


24 


25 


1.     What  is  the  purpose  of  the  15*  angle  on  the  box  end  vrench? 


2.     State  the  safety  precautions  to  be  observed  when  working  with  hand  tools 


3.     State  the  maintenance  requirements  for  hand  tools. 


PART  2 


Drill  Press 

OBJECTIy^E 

With  t.lio  holp  of  tho  Instructor  tn  familiarization  and  uso  of  tho  drill   press  and 
'  pmonl.  furnlshod,  select  a  drill  bit  and  drill  a  hole  In  a  piece  of  metal.  Lubricate 
the  equipment  as  necessary  and  observe  safety  precautions.     The  hole  must  be  within  1/8" 
of  the  point  designated  by  the  instructor* 

PROCEDURES 

After  completion  of  **A"  below  (Familiarization  of  the  Drill  Press),  use  the 
equipment  assembled  for  you  (drill  press,  drill  bits,  metal  plate,  center  punch,  ball 
peen  hammer)  and  drill  a  hole  in  a  piece  of  metal  according  to  the  steps  outlined  in  "B'* 
on  page  3-4.     You  must  drill  the  hole  w'.thin  1/8"  of  the  indicated  mark.     You  will  be 
allowed  approximately  10  minutes  to  complete  this  objective. 

A-     Familiarization  of  a  Drill  Press 

1.     Identify  the  major  r>arts  of  the  drill  stand  assembly  by  writing  in  each  circle 
the  letter  opposite  the  nane  of  the  unit. 


DrMl  Stand  Assembly 
2.     What  is  the  purpose  of  the  key-type  geared  chuck? 
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3.     Why  should  the  press.ire  be  eased  Just  before  drilling  through  a  piece  of  met.-il? 


4.     List  two  safety  precautions  to  foll-^w  when  using  the  drill  stand. 

a.  

b. 


Using  a  Drill  Press 

1.  Install  a  bit  In  the  chuck;  tighten  the  bit  using  the  chuck  key. 

2.  Hark  an  "X"  on  the  motiil   to  be  drilled  whore  th.'  I  n.stniotor  wants  1 1..^ 

3.  Using  a  center  punch  and  hammer,   tap  the  center  punch  in  the  center  of  the  "X". 

4.  Secure  the  metal  to  the  table  cf  the  drill  stand  with  the  clamps  provided.  (^e 
sure  metal  is  aligned  so  the  ^.rill  bit  touches  the  center  of  the  "X".) 

CAUTIOV:     At  this  point  you  will  put  on  safety  goggles,  as  flying  chips  can 
Injure  your  eyes. 

5.  Turn  on  aotor. 

6.  Using  the  feed  lever,  bring  down  the  drill  bit  to  the  metal.     Apply  a  flrn 
steady  pressure  until  the  bit  goes  through. 

MOTE:     Always  keep  the  drill  bit  cuttir.g  to  prevent  overheating  of  tho  drill 
bit.     Also,   too  much  pressure  on  the  feed  lever  will  overheat  the  hit, 
(Lubricate  the  equipment  as  necessary.) 

CAUTION:     .lust  before  completing  the  hole,  ease  off  the   foi-d   l<-v!-r  :u..^  ilu>n 
reapply  pressure  to  complete  the  hole.     (This  prevents  breakaE.-  oi 
trie  D;  t .  )  " 

7.  Let  up  on  the  feed  lever  slowly  and  turn  off  motor. 

hlT)T  ^^^^^P^  ^nd  metal  (being  very  careful  as  the  newly  drilled  hole  may  be 

9.     Have  tne  instructor  inspect  your  work. 
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DAY  3 

EL'SCTRICAL  PRINCIPLii^S  AND  CIRCUITS 
PART  1 

OBJHXTIVE 

<Wv<Mi  H  srp!f»s  of   inromplcti?  statements  pertaining;  to  elt»n<vit?il   elec:  t.r  i  c  1  ty  , 
curp^Mit,   resistance,  voltage,  and  magnetism,  explain  the  basic  principle  of  each  by 
completing  the  statements  with  80%  accuracy. 

PROCEDURE 

Complete  the  following  statements  pertaining  to  electricity,  current,  resistance, 
voltage,  and  magnetism.     You  are  allowed  to  miss  a  Wiiximum  of  3  of  the  13  statements  and 
will  be  allowed  approximately  10  minutes  to  complete  the  criterion. 

1.  Direct  current  is  the  continuous  flow  of  electrons  in  the   

dlre'^tion. 

2.  Alternating  current  is  the  flow  of  electrons  in  first  direction 
then  in  . 

3,  A  vott  is  the  of  electrical  pressure. 

4,  The  ampere  is  a  measure  of  the      of 

current  electricity. 

r>.     The  resistance  in  a  conductor  depends  upon  what  four  things? 


Ji.     FvKtremely  poor  conductors  are  called 


7.  An  is  the  smallest  particle  of  element  that  can  exist 

alone  or  in  'combination. 

8.  A  molecule  Is  the  smallest  portion  of  a   that  retains 

chemical   identity  with  tho  substance  in  mass. 

0.     C)nfi  ooi:]omb  equals    X  or 

electrons. 

10.  The  lines  of  force  of  magnetism  are  called 


II.    >Myt!ilni':  t.hn  t  l>r^M^ple^i  spiiiM*  and  has*  we  i  gli  t   Is  called 
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12.    Anything  that  consists  of  atans  of  only  one  kind  and  that  singly  or  in  combination 
constitutes  all  matter  is  called 


13.    What  is  an  electron?  ^ 
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PART  2 


OftJECTIVE 


Given  ten  military  standard  symbols  to  include  switches,  circuit  breakers,  and 
fuses,  identify  each  and  state  the  type  and  purpose  of  8  of  the  10  symbols- 

PROCEDURE 

You  will  be  assigned  one  of  three  groups  of  10  symbols  below  and  will  be  required  to 
Identify  8  of  the  10  symbols  and  give  their  type  and  purpose.     Identify  the  symbols  by 
placing  a  number  from  Column  A  in  the  blank  to  the  left  of  the  symbol  in  Column  B.  Give 
purpose  and/or  type  in  blank  to  right  of  symbol  in  Column  B.     You  are  allowed  approxi- 
mately 15  minutes  to  complete  this  activity. 


GROUP  I 

Column  A 

1.  Wires  Joined 

2.  Ammeter 

3.  Solenoid 

4.  DPST  Switch 

5.  Battery 


> 


Column  B 


6.  Toggle  Circuit  Breaker 

7.  Fuse 

8.  Thermocouple 

9.  SPDT  Switch 


10.     Alternator  (AC  Power 
Sour<^e) 


-(E)- 


11.  Coil 


1!>.     Varlahh^  Resistor 


'1 


1y: 
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GROUP  II 


Column  A 


Column  B 


1.     SPST  Switch 


2.  Solenoid 


Ohmmeter 


4.  Push  Button  Circuit 
Breaker 

5.  Fixed  Resistor 


6.  Fuse 


7.     Push/Pull  Circuit  Breaker 


8.     SPOT  Switch 


9.     Crossed  Wires,  Not 
Joined 

10.     t'lormally  Closed 
Contacts 


11.  Capacitor 


12.  Transforaer 


H  (r- 


— 
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GROUP  III 

Column  A 

1.  Voltmeter 

2.  Motor 

3.  Relay 

4.  DPST  Switch 

5.  Light 

6.  Automatic  Circuit 
Breaker 

7.  SPST  Switch 

8.  Ground  Wire 

9.  i^omally  Open  Contacts 

10.  Solenoid 

11.  D.C.  Generator 

12.  Fuse 


DAY  4 

PART  3 

OBJECTIVE 


*°^!v"         material  and  Information,  draw  a  simple,  sorie.,  and  parallel  circuit, 
otate  the  current,  voltage,  and  resistance  relationship  in  each  circuit  with  a  total  of 
no  more  than  two  errors. 

PROCEDURE 

^......2^*"®°',!*'®  following  symbols  to  construct  the  type  circuit  Indicated  and  state  the 

current,  voltage,  and  resistance  relationship  (characteristics)  of  each  circuit.  You 
^iTf  ^K^f!!?  t  °^         errors  and  will  be  given  approximately  20  minutes  to  r-ompleto 

tn6  ODJ0CX1V©. 


a.  Simple 


Voltage  ^ 

Curj-ent 

Resistance 


b.  Series 


Voltage   

C4jrrent 
Resistance 

Paral iel 


Vol tage 
Resistance 


4-6 


EKLC 


23o 


d.  Simple 


Voltage   

Current   

Resistance 


e.  Series 


Voltage   

Current   

Resistance 

f.  Parallel 


Voltage 

Current   

Resistance 
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PART  4 

Wiring  a  Series  Circuit  and  a  Parallel  Circuit 

OBJECTIVE 

lnstr«Jt"fr\"slllfa;cir'  ^^"^^'""^^  ^  ^^-^^^^  -^les  and  parallel  circuit  wi  t| 

PROCEDURE  (SERIES  CIRCUITS) 

ta^e'^hf  Jol?^'Jig°?;ES;!?m'.Sr  '°  ''^'^^  ^^^^^^  ^^^^^"^  electncal  diagrams. 

Remove  Jewelry 

Turn  electrical  power  OFF  before  wiring  circuits  or  removing  units 
Be  sure  of  correct  multimeter  setting  before  making  ml^sJrS^enJs 

and  proceed  with  the  following  numbered  steps: 

diagram'to  reprele'iJIhe^ii^eTjo^'w^"?  Jrace^^r^he^^^LJ^r"^^  °" 


2.  Have  the  instructor  check  your  diagram, 

3.  Wire  the  circuit  on  the  trainer  using  your  diagram  as  a  guide. 

4.  Have  the  instructor  check  your  circuit, 

5.  In  the  diagram  below,  use  lines  to  rt^nrt^wnt  4.u«  4^*  ^        ^  ^ 

in  series  to  your  circuit.  represent  how  the  fixed  resistor  would  be  wired 

H-@ — H 
B— @-H 


6,  Havo  th(j  Instructor  check  your  diagram, 

7.  Remove  the  wires  you  placed  on  the  trainer. 
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8. 


Complete  the  follofwing  statements. 


A  series  circuit  is  a  circuit  with 


path  for  current  flow. 


b. 


The  sum  of  the  voltage  drops  should  equal  the 
voltage. 


c. 


Current  is  the 


throughout  a  series  circuit. 


Total  resistance  may  be  found  in  a  series  circuit  by 


the  resistance  of  all  units. 


e.     As  units  of  resistance  are  added  in  a  series  circuit,  will  the  current  flo\^ 
decrease,   increase,  or  remain  the  same? 


f .     As  units  of  resistance  are  added  in  a  series  circuit,  will  the  total  resistance 
decrease,  increase,  or  remain  the  same? 


PROCEDURE  (PARALLEL  CIRCUITS) 

To  gain  practical  experience  in  wiring  parallel  circuits  using  electrical  diagrams, 
take  the  following  PRECAUTIONS 


and  proceed  with  the  following  numbered  steps: 


I.     In  the  space  below,  the  units  to  be  included  in  the  circuit  are  a  circuit  breaker,  a 
SPT  switch,  an  ammeter  to  indicate  total  current  flow,  and  two  lamps  in  parallel. 
Use  lines  to  represent  the  wires  you  will  place  on  the  trainer. 


Remo  ve  J  ewe  1 ry 

Turn  electrical  power  OFF  before  wiring  circuits  or  removing  units 
Be  sure  of  correct  multimeter  setting  before  making  measurements 


2. 


Have  the  instructor  check  your  diagram. 


3.     Wire  the  circuit  on  the  trainer  using  your  diagram  as  a  guide. 


4. 


Have  the  instructor  check  your  circuit. 
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In  the  diagram  below,  use  lines  to  represent  how  a  third  light  would  be  wired  in 
parallel  to  your  circuit. 


• 


Have  the  instructor  check  your  diagram. 


Remove  the  wires  you  placed  on  the  trainer. 


Complete  the  follc)wLng  statements: 


A  parallel  circuit  is  one  with 
current  flow. 


or  rnore  paths  for 


b. 


The  voltage  drop  of  a  unit  in  a  parallel  circuit  should  be  equal  to  the 


voltage* 


c- 


Total  current  is  the 


of  the  currents  from  each 


path  in  a  parallel  circuit. 


d.     When  additional  units  are  added  in  parallel  in  a  circuit,  will  the  total 
resistance  increase,  decrease,  or  remain  the  same? 


e.     When  units  are  added  in  parallel  in  a  circuit,  will  the  total  current  increase, 
decrease,  or  remain  the  same? 
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DAY  5 


PART  5 


OBJECTIVE 

Using  a  volt  ohrameter,  select  the  proper  mode  and  determine  the  electrical  values  of 
a  designated  electrical  circuit  +  5%  of  meter  scale  value  with  nc  more  than  one  assist 
on  safety. 

PROCEDURE 

Draw  on  the  following  meter  faces  the  indicating  needle  in  its  proper  position. 
Then  fill  in  the  blanks  below  the  meter  faces  to  show  the  proper  setting  of  the  ac/dc 
knob  and  range  switch  knob  for  the  meter  indication  given.     You  are  allowed  approxi- 
mately 20  minutes  to  complete  the  objective. 


Indicating  24  V  DC 

Range  Switch  Knob  

AC/DC  Knob 


indicating  1.5  V  DC 

Range  Switch  Knob   

AC/ DC  Knob     


EKLC 
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In  the  diagraiu  below,  different  range  switch  knob  positions  are  listed  below  eacn 
meter  face.     Write  what  the  meter  would  be  Indicating  on  each  specific  range  In  the 
blanks  provided  for  DC  voltages. 


K«nqc  Switch  Knob 
1000  V 
bO  V 


10  V 


•  »    \.AiiJiiii/m.A    ;  % 


Ran^e  Switch  Knob 

^50  V 

^.5  V 
1C00  V 

10  ^  

50  V 


Range  Switch  Knob 
2bO  V  

bO  V  

}0  V 


Using  the  Multimeter  as  an  AC  Voltmeter 

Draw  on  the  following  meter  faces  the  indicating  needle  in  i,ts  proper  position. 
Then  fill  in  the  blanks  below  the  meter  faces  to  show  the  proper  setting  of  the  range 
switch  knob  and  the  ac/dc  knob  for  the  meter  indication  given. 
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Indicating  110  V  AC  Indicating  220  V  AC 

Range  Switch  Knob  Range  Switch  Knob  

AC/T)C  Knob  AC/DC  Knob  


In  the  diagram  below,  different  range  switch  knob  positions  are  listed  for  each 
meter  face.  Write  what  the  meter  would  be  indicating  on  each  specific  range  In  the 
blanks  p^^ovlded. 


Range  Switch  Knob 


Range  Switch  Knob 


250  V 
50  V 
10  V 
1000  V 


Set  the  trainer  switch  to  AC  position. 

NOTE:     Red  light  should  burn. 

Set  the  multimeter  to  measure  AC  voltages. 
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2.5  V 
50  V 
250  V 
1000  V 


Make  the  AC  voltage  measur ;.^ents  between  trainer  tero^lnals  indicated  below. 
Trainer  Terminals 


2  to  17 

4  to  17 
1  to  2 

3  to  6 

5  to  10 

6  to  12 

7  to  14 
10  to  13 
12  to  17 
14  to  16 

14  to  18 

15  to  17 

16  to  17 

17  to  18 


Voltage 


Then°mi°;n*?he'S}lnka"beT^%^i'''^  indicating  needle  in  its  proper  position 

s;u^h"i„'o;%o%'%h'i^1t^?\^^ic\'lio™n'grve'n?''  *°  ^'""P^''  ^^"^"^  °^  '^'^ 


run?: 


Indicating  5  Ohms 
Range  Switch  Knob 


Indicating  2000  Ohms 
Range  Switch  Knob 
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In  the  diagrams  below  different  range  switch  know  positions  are  listed  for  each 
meter  face.     Write  In  the  blanks  provided  what  the  meter  would  be  indicating  for  each 
specific  range. 


BSake  and  record  resistance  measurements  between  trainer  terminals  indicated  below- 

Trainer  Terminals  Ohms 
1  to  3 


1  to  11 

2  to  10 

2  to  12 

3  to  13 

4  to  10 

5  to  11 
5  to  13 

7  to  9 

8  to  16 

9  to  17 

10  to  12 

11  to  13 
16  to  18 

Unplug  the  trainer. 
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DAY  6 


WIRING  SYSTEHilS,   MOTORS,   MOTOR  STARTERS,   AND  OVERLOADS 


PART  1 


OBJECTIVE 


Given  t.h«*  information,  fstatp  the  purposp  and  function  of  two,  thrco,  and  four  wire 
«•  I  i-<-t  r  I     1   syst  isns  wltli  no  more  than  three  errors. 


In  the  spaces  provided,  state  the  purpose  and  function  of  two,   three  and  four  wire 
systems.     You  will  be  allowed  approximately  10  minutes  to  complete  this  criterion  and 
will  be  allowed  no  more  than  3  errors. 

1.     Two  wire  systems: 

a.  Purpose:  


b.  Function: 


2.     Three  wire  systems: 
a.  Purpose:   


b.  Function: 


3.     Four  wire  systems: 
a.  Purpose: 


b.  Function: 


PROCEDURE 


ERIC 


PART  2 


OBJECTION 


Given  the  information,  state  the  general  construction  features  of  single  and  three- 
phase  motors  with  no  more  than  two  errors. 


Using  the  diagrams,  correctly  identify  the  major  components  of  a  single  and  three- 
phase  motor  as  indicated-     You  will  be  allowed  approximately  10  to  15  minutes  to 
complete  this  criterion  and  are  allowed  three  errors  total. 


1.     The  illustration  below  shows  the  major  parts  of  a  single-phase  motor.     In  the  blank 
space  provided,  write  the  name  of  the  appropriate  component. 


PROCEDURE: 


A. 


D. 


B. 


E. 


C. 


P. 


Major  Parts  of  a  Single-Phase  Motor 
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Three-Phase  Motor  Construction 


2.     Identify  these  parts  by  writing  the  name  of  each  part  in  the  space  provided. 


ERIC 


Major  Parts  of  a  Three-Phase  Motor 

241? 


3.     State  the  general  construction  features  of  a  single-phase  motor. 


  -4 


4.     State  the  construction  features  of  a  three-phase  motor. 


ERIC 
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DAY  7 


PART  3 


OBJECTIVE 


Given  the  information,  list  the  steps  for  installing  and  servicing  electric  motors 
with  no  more  than  two  errors. 


Using  the  information  below,  list,   in  logical  sequence,   the  steps  for  installing  and 
servicing  electric  motors.     You  will  be  allowed  approximately  10  minutes  to  complete 
this  criterion  and  may  make  a  maximum  of  two  errors  total. 

1.  Installation 

Step  1  

Step  2   

Step  3  

Step  4  ^  

Step  5  

Step  6   

Step  7   

Step  8   

Stop  9  

Step  10  

Install  the  repl acej'jent  motor. 
Remove  and  label  the  wires. 
Disconnect  power. 

Mount  hold-down  bolts  or  brackets  loosely. 

Remove  hold-down  bolts  or  brackets. 

Remove  the  bad  motor. 

Align  the  replacement  motor. 

Reconnect  the  wires. 

Turn  power  on  and  determine  for  proper  operation. 
Secure  the  replacement  motor. 


PROCEDURE 
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Servicing 

Step  1  

Step  2  

Step  3  

Step  4  

Step  5   

Step  6   

Visually  inspect  the  motor  for  defects. 
Servlcn  motor  as  rociuiroi. 
Clean  the  motor. 
Disconnect  the  power. 

Operate  the  motor  and  observe  the  operation. 
Remove  guards. 
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PART  4 

I  OBJECTIVE 

Given  the  information  and  using  a  motor  trainer  and  a  multimeter,  determine  the 
start  and  run  windings  of  an  electric  motor,  connect  the  motor  and  reverse  its  rotation 
with  instructor  assistance. 

PHOCEDURES 

A.       Determine  start  and  run  windings  by  following  the  steps  below.     You  will  be  allowed 
approximately  20  minutes  to  complete  this  criterion. 

1.  Obtain  a  multimeter  from  the  tool  cabinet. 

2.  Select  an  electric  motor  as  directed  by  the  instructor. 

3.  Set  up  and  check  the  multimeter  to  read  resistance. 

4.  Draw  a  picture  of  the  terminal  arrangement. 

5.  Number  the  terminals  in  your  drawing  1,  2,  and  3. 

6.  Use  thn  multimeter  and  take  reading  across  each  set  of  terminals.     Record  the 
reading  in  the  spaces  provided  below: 

a.  1  and  2  -   

b.  1  and  3  =   

c.  and  3  = 


7.  The  highest  reading  is  the  and      terminals. 

8.  The  lowest  readings  are  the  and  terminals. 

9.  The  middle  reading  is  the  and  terminals. 

10.  Why  must  the  middle  and  lowest  readings  equal  the  highest  reading? 


n.     !.abot   Uui  torminals  in  your  drawing  R,  S,  and  C,   representing  run,  start,  and 
common . 

8.      Wiring  l(f  Induction  Motors 

1.  Using  the  data  plate  information  and  symbols  available  in  figure  below,  connect  the 
motor  to  the  power  supply  using  the  across-the-line  motor  starter. 

2.  Connect  the  ti.otor  to  rotate  clockwise. 


EKLC 


How  many  hot  leads  are  needed  to  operate  the  motor? 


Procedures  for  reversing  the  rotation  of  the  single  phase  mot 

a.  Disconnect  power. 

b.  Reverse  the  START  winding  leads  or  the  RUN  winding  leads. 

c.  Connect  power. 

d.  Check  rotation. 
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C.     Wiring  30  Induction  Motors 


I.     UsLng  the  information  and  symbols  available  in  figure  below,  connect  the  motor  to 
the  power  supply  using  the  across-the-line  motor  starter. 

1.     How  many  hot  leads  are  needed  to  operate  the  motor? 

3.     The  direction  of  rotation  can  be  changed  by  changing  what  terminal  leads? 


Thermostat 

20B  VOLT 


I  I 


MOTOK  STARTCR 


^OWCR  SUPPLY 
Sf>.ST     lot  VOLT  3«  60  CY 


r 

i  D 

I  Itov  ao« 


UNC 


\  LOAD 


^'           OATA   PI  ATr 

MOTOR  THREE  PHASE 

VOLTAGE 

2oa 

440 

CYCLE  sveo 

PPM 

l42S/t72S 
CONT    DUTY  - 
HP  1/4 

AMPS 

1  1 

55 

WIRINC 

>T2 


r 

I. 


0 
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Reversing  rotation  (30) 
CAUTION:     Remove  Jewelry 

1-     Connect  trainer  to  power  and  turn  on  to  observe  direction  of  rotation. 

2.  Turn  motor  off* 

3.  DISCONNECT  TRAINER  yRQM  POWER 

Sirtfr  o7  ^''^h''^  ^""^^  connectint  to  the  motor  (Ti,  Tg,  T3)  at  the  motor 
starter  or  at  the  motor.  ^ 

5.  Turn  power  back  on  and  operate  to  observe  that  the  rotation  has  been  reversed. 

6.  Turn  off  power,  unplug,  return  equipment  to  prior  position/storage. 
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DAY  8 


PART  5 


OBJECTIVE 

Using  an  electrical  trainer,  service  the  motor  starters  with  instructor  assistance. 
PROCEDURE : 

Service  the  motor  starters  using  the  steps  below.     Record  your  findings  in  the  space 
provided. 

CAlfTTON:     Disconnect  the  trainer  from  the  power  source  and  remove  Jewelry. 

1.  Clieck  for  the  presence  of  dust,  grease,  oil  and  dirt. 

2.  Check  for  overheating  of  the  electrical  components. 

3.  Check  electrical  wires  for  fraying  and  broken  strands. 

4.  Check  electrical  connections  for  tightness. 

5.  Check  for  short  circuits  and  grounds  in  the  electrical  wiring- 

6.  laspect  the  contacts  for  pitting  and  proper  alignment. 

7.  Inspect  the  springs  to  ensure  proper  tension. 
8-     Have  the  instructor  check  your  work. 
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PART  6 


OBJECTIVE 

Given  the  Information,  state  the  types  and  function  of  electrical  overload 
protectors  with  no  more  than  two  errors. 


PROCEDURE 

In  the  spaces  provided,  state  the  types  and  functions  of  the  electrical  overload 
protectors.     You  are  allowed  two  errors  total  and  will  be  allowed  approximately  10 
minutes  to  complete  this  criterion. 


1. 


25d 


3. 


A.  Type: 


PI unger 


i/"'^  C » rcu  1 1 

Electromagnet i  c 
in  scries  wi  th  motor 

cl rcui t 


Hole  In  piston 


B.  Function 
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WB  J3ABR54530  001-1-7 
SCHEMATIC  INTERPRETATION  AND  ELECTRICAL  TROUBLESHOOTING 

PART  1 

OBJECTIVE 

Given  a  schematic  diagram,  trace  the  circuit  designated  by  the  instructor,  with  no 
morf»  thjin  two  orr«>rb. 

PROCEDURE 

UsiniT  the*  figure  beli'w  and/or  the  trainer  designated  by  your  instructor,  trace  out 
Ihf  »•!  remits  and  comploto  tho  following  statoments.  Two  orrors  arc*  allowed.  You  havo 
.i()|)r()xlma tely  30  minutes  to  complete  this  criterion. 

1.  Fuse  supplies  power  to  transformer  I. 

2-  The  voltage  across  the  primary  coil  of  transformer  I  is  volts. 

3.  Buzzer  F  and  Relay  H  are  wired  in  (series,  parallel). 

4-  Switch  D  controls  • 

5-  Fuse  supplies  power  to  lights  J  and  K. 

6.  Sv/itch  A  controls  light  • 

7.  Lights  J  and  K  are  wired  in  (series,  parallel). 
B-  Motor  G  Is  controlled  by  • 
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DAY  9 

Troubleshooting  Single-Phase  I20'-Volt  Circuit 
Analyzing  Electrical  Circuits  Using  a  Diagram 


In  order  to  prepare  to  troubleshoot  a  120-Volt  Circuit,  you  will  first 
diagram  below,  working  independently.     STUDY  THE  DIAGRAM  CAREFULLY. 


The  wires  on  the  diagram  in  the  figure  have  been  numbered  1  through  7.     By  each 
numbered  wire  below,   list  the  unit(s)  by  letter  that  would  be  inoperative  LC  that  ' 
specific  wire  were  open.     DO  NOT  LIST  SWITCHES  SINCE  THEY  ARE  NOT  UNITS  OF  UKSLSTANCK. 
When  you  have  completed  your  list,  have  the  instructor  check  your  work. 


120-Volt  Single  Phase 


NUMBER 

INOPKRATIVE 

 WPKE"^ 

NUMBER 

INOPKRATIVE 

1 

5 

2 

6 

3 

7 

4 

Troubleshooting 
Determining  Location  of  Troubles  by  Use  of  Meters 

PART  2a* 

OBJECTIVE 

Working  as  a  team  and  using  an  electrical  traliKir  and  a  meter.  «afely   IocmIo  Vivo  o\ 
six  instructor  induced  malfunctions.     (*This  objective  may  be  completed  on  this  l'>OV 
trainer  or  on  the  3p  trainer.) 

PROCEDURES 

Obtain  a  meter  and  trainer  assignment.     You  will  work  with  a  classmate.     Take  one 
copy  of  this  workbook  to  the  trainer  area  with  you.     Use  only  the  TOP  half,  120-volt 
part,  of  the  trainer.    You  have  approximately  three  hours  to  complete  tfiTs 'activity . 
Proceed  m  tne  following  manner: 
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1.  Note  that  the  diagram  you  have  been  studying  is  also  the  diagram  of  the  trainer 
assigned  to  you  by  the  instructor  (see  top,   left  of  your  trainer), 

2.  Be  sure  that  all  control  devices  are  in  the  OFF  position, 

3*     3e  sure  that  the  trouble  switches  at  the  right  end  of  the  trainer  are  in  the  normal 
position. 

A,     Connect  the  trainer  to  the  wall  receptacle, 

5,     Turn  the  switchbox  at  the  end  of  the  trainer  ON, 

(>•     Turn  tho  tno-volt  switclibox  ON, 

7,  Make  an  operational  check  of  all  the  units, 

8,  Obtain  a  multimeter  to  be  used  in  locating  the  trouble. 

9,  Start  your  troubleshooting  by  turning  trouble  switch  No,   1  (on  the  right  end  of  the 
trainer)  to  the  trouble  position, 

10.  Operate  all  circuits  to  determine  the  defective  circuit, 

a.     What  is  the  type  of  trouble?     Record  your  answer  in  the  proper  column  in  the 
chart  below,  to  the  right  of  Number  1* 

Where  is  it  located?  Record  your  answer  in  the  proper  **location"  column  in  the 
chart  below. 

c.     What  meter  did  you  use  to  find  its  location?     Record  your     .^v/ev  in  the  proper 
''meter  used"  column  below, 

11,  Turn  No.  1  to  normal  position.     Turn  No,  2  to  the  trouble  position.     Operate  all 
units.     Proceed  with  your  troubleshooting.     Fill  in  the  blanks  below. 


TROUBLE 
S«fITCH 

TYPE  OF  TROUBLE 

LOCATION 

METER 
USED 

 I  

2 

3  

4 

5 

6 

12.  Turn  all  trouble  switches  to  the  normal  position.     Have  your  instructor  check  your 
work. 

13.  When  tha  instructor  has  determined  that  you  have  a  passing  scoro  on  the  objective 
(5  out  of  6),  turn  the  master  switch  off  and  disconnect  the  trainer  from  the  wall 
receptacle. 
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Troubleshooting  Three-Phase  Circuits 
Analyzing  Electrical  Circuits  Using  a  Diagram 

In  order  to  prepare  to  troubleshoot  a  three-phase  circuit,  you  will  first  analv^e 
the  diagram  below,  working  independently.     STUD?  THE  DIAGRAM  CAREFULLY.  analyze 

The  wires  on  the  diagram  in  the  figure  have  been  numbered  1  through  5.     Bv  cadi  ^ 
numbered  wire  below,   list  the  unit(s)  by  letter  that  would  be  inoperative  i f  tha t 
specific  Wire  were  open.     DO  NOT  LIST  SWITCHES  SINCE  THEY  ARE  NOT  UNITS  OF  RESISTANCE 
When  you  have  completed  your  list,  have  the  instructor  check  your  work. 


NUUBER  ' 

^        mf(s)       ■  ■ 

INOPERATIVE 

■  WIRE 
NUMBER 

TrjrrT(s7       *  1 

INOPERATIVE  1 

1 

5 

2 

3 

4 

OBJg^^-TIVE 


Troubleshooting 
Determining  Location  of  Troubles  by  Use  of  Meters 

PART  2b* 


Working  as  a  team  and  using  an  electrical  trainer  and  a  meter,  safety  locate  five  of 
six  instructor  induced  malfunctions.     (♦This  objective  may  be  completed  on  this  three- 
phase  trainer  or  on  the  120V  trainer.) 
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PROCRUtRES 


Obtiiin  a  meter  and  trainer  assignment.     You  will  work  with  a  classmate.     Take  one 
copy  of  this  workbook  to  the  trainer  area  with  you.     Use  only  the  BOTTOM  half,  three- 
phase  part,  of  the  trainer.     You  are  allowed  approximately  3  hours  to  complete  th£s" 
activity.     Proceed  in  the  following  manner. 


1  . 


4. 
5. 
6. 


Note  that  the  trainer  assigned  to  vou  is  the  same  as  the  diagram  you  have  beon 
analysing  INDEPENDENTLY,  the  three-phase.     This  diagram  is  also  on  your  trainer 
(top,   right)  for  your  use. 


suro  :i  1  I   fi)nt;r«il   dovlcos  ;ir<»  in  tho  Ol'K  r)<).s  I  1 1  on . 

3.     Be  siiru  all  trouble  switches  at  the  right  end  of  the  trainer  a'-e  in  thr.  normal 
position. 


Connect  the  trainer  to  the  wall  receptacle. 

Turn  the  switch  box  at  the  end  of  the  trainer  ON. 

Turn  the  208-volt  switchbox  ON.  (Oaly  the  bottom  half  of  the  trainer  208~volt  part 
is  to  be  used. ) 


7.     Make  an  operational  check  of  all  the  units, 
trainer,  report  it  to  the  instructor. 


If  there  is  a  malfunction  in  the 


Start  your  troubleshooting  by  turning  trouble  switch  No.  7  ^on  the  right  end  of  the 
trainer)  to  the  normal  position.     Operate  all  circuits  to  determine  the  defective 
circuit. 


9. 


h. 


c. 


What  ifs  the  type  of  trouble?     Record  your  answer  In  thi?  proper  column   In  th« 
chart  below,  to  the  right  of  Number  7. 

Cnere  is  it  located?  Record  your  answer  in  the  proper  "location"  column  in  the 
chart  below. 

What  meter  did  you  use  to  find  its  location?    Record  your  answer  in  the  proper 
"meter  used"  column  below. 


Turn  switch  No.  7  to  the  normal  position.     Turn  No.  8  to  the  trouble  position. 
Operate  all  circuits.     Proceed  with  your  troubleshooting.     Fill  in  the  blanks  below, 


TH^'liiM-: 

TYPE  OF  TROUBLE 

LOCATION 

MCTER 
USED 

_J7  

8 

 9  

10 

11 

12 

10.  Turn  all  trouble  switches  to  tho  jiormal  position.     Have  your  instructor  check  your 
wo  rk . 

11.  When  the  instructor  has  determined  that  you  have  a  passing  score  on  the  objective 
(5  and  6),  turn  the  master  switch  off  and  disconnect  the  trainer  from  the  wall  and 
receptacle. 
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Troubleshooting  220-Voit  Single-Phase  Circuits 

Analyzing  Electrical  Circuits  Using  a  Diagram 

In  order  to  prepare  to  troubleshoot  a  220-Volt  Single-Phase  circuit  and  to  use  a 
electrical  test  equipment  for  isolating  troubles,  you  will  first  analyze  the  diagram  i 
below,  working  INDEPENDENTLY.     STUDY  THE  DIAGRAM  CAREFULLY.  aia^rain  ^ 

The  wires  on  the  diagram  have  been  numbered  1  through  12.     By  each  numbered  wire 
below,  list  the  unit(s)  by  letter  that  would  be  inoperative  if  that  specific  wire  we-.» 
open.     DO  NOT  LIST  SWITCHES  SINCE  THEY  ARE  NOT  UNITS  OF  RESISTANCE.     When  vou  have  ' 
completed  your  list,  have  the  instructor  check  your  work. 


WIRE 
NUMBER 

UNIT(s)    - 

INOPERATIVE 

WIRE  ' 
NUMBER 

INOPERATIVE 

1 

7 

2 

8 

3 

9 



10 

5 

11 

6 

12 
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PART  3a* 


OB.TrCTlVE 


Working  as  a  member  of  a  team,  using  electrical  test  equipment  and  an  electrical 
trainer,  isolate  three  of  six  instructor  induced  malfunctions.     (*This  objective  may  be 
completeil  using  the  following  assigned  G  troubles  OR  those  assigned  for  PART  3b,) 


Obtain  a  meter  and  assignment  of  teammate  and  trainer  from  your  instructor.  Take  a 
copy  of  this  workbook  to  the  trainer  with  you.  You  are  allowed  approximately  two  hours 
to  cortipiote  this  activity.     Proceed  in  the  following  manner. 


1.     Note  that  the  diagram  yon  have  been  studying  TNORPKNOKNThY  i  .s  also  t»u»  di;ii?^ram  nf 
the  trailer  assigned  to  you  by  the  instructor  (s.s  at  the  top  of   the  tPKiiner).  Use 
only  this  220-Volt,  Single-Phase  trainer  assigned  to  you.   


2.     Be  sure  all  control  devices  are  in  the  OFF  position. 


3.     He  sure  all  the  trouble  switches  at  the  RIGHT  end  of  the  trainer  are  in  the  normal 
position. 


4.     Connect  the  trainer  to  the  wall  receptacle,   turn  the  master  switch  at  the  END  of  the 
trainer  ON,   then  turn  the  220-volt,  single-phase  SWITCHBOX  to  ON  position. 


5.     Make  an  operational  check  of  all  units  on  the  trainer  (INFORM  THE  INSTRUCTOR  of  any 
MALFUNCTION. ) 


6.     Start  your  troubleshooting  by  turning  to  the  TROUBLE  ON  position  the  first  trouble- 
switch  number  listed  below.     Proceed  wj  th  locating  and  ••ecording  the  infomation 
asked  for  below  as  you  have  in  previous  exercises.     Renember  to  turn  each  trouble- 
switch  to  the  normal  position  before  turning  another''on. 


8.     When  you  have  completed  all  troubles,   turn  e '^itches  to  the  normal  positions  and  have 
the  instructor  check  your  work. 


9.     When  the  instructor  has  determined  that  you  have  a  passing  score  on  the  objective 
(3  of  6),   turn  the  master  switch  and  swichbox  to  OFF  position  and  disconnect  the 
trainer  from  the  wall  receptacle. 


TROUBLE  METER 
SWITCH  TYPE  OF  TROUBLE  LOCATION  IISEO 


2^ 
3 
4 
5 
6 


PROCEDURES 


12 
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PART  3b* 


OBJBCTIy^E: 

Working  as  a  member  of  a  team,  using  electrical  test  equipment  and  an  electrical 
trainer,  isolate  three  of  six  instructor  induced  malfunctions.     (*This  objective  may  be 
completed  using  the  following  assigned  6  troubles  OR  those  assigned  for  PART  3a.)    '  | 

PROCBDTOBS 

''^ART  3b  procedures  are  identical  to  PART  3a.  Turn  to  the  previous  page  to  use  those 
then  proceed  to  locate  the  troubles  far  the  troubleswitches  listed  below  the  record  the 
information  as  needed  in  the  chart. ) 


TROUBLE 
SWITCH 

TYPE  OF  TROUBLE 

LOCATION 

MKTKR 
USED 

6 

7 

8 

9 

10 

11 
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DAY  10 


PART  4 

OBJECTIVE 

Given  the  inforraatijn,  state  the  basic  steps  for  replacing  defective  electrical 
units  and  components  with  no  more  than  two  errors. 

PROCEDURE 

1.     State  the  basic  steps  for  replacing  defective  electrical  units  and  components-  You 
will  be  allowed  approximately  10  minutes  to  complete  this  objective. 
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PART  5 


OBJECTIVE 


\ 


or  un!-^''f.fK  ^^^^^^^"1  trainer  given  a  minor  electrical  discrepancy  repair  the  circuit 
or  unib  with  no  more  than  one  instructor  assist.  ^patr  tne  circuix^ 


PROCEDURE 


1.  Be  sure  all  control  devices  are  Ln  the  OFF  position. 

2.  Connect  the  trainer  to  the  wall  receptacle. 

3.  Turn  the  switch  box  at  the  end  of  the  trainer  ON. 

4.  Turn  the  120-volt  single-phase  switch  box  ON. 

Jj.  Obtain  a  multlm^jter  tf)  h(>  used  in  locatini;  the  troubles. 

6.     Operate  all  circuits  to  determine  the  defective  circuit. 

a.  What  is  the  type  of  trouble? 

b.  Where  is  it  located? 


c.  What  meter  was  used  to  find  the  location? 

d.  iniat  was  done  to  repair  the  unit? 


^'     ISrk.^'''  ^^""^  located  and  repaired  your  malfunction,  have  your  instructor  check  your 
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3770  Technical  Training  Group  SW  J3ABR54530  001-II-1 

(Civil  Engineering  Training) 
Sheppard  Air  Force  Base,  Texas 

REFRIGERATION  LINES  AND  FITTINGS 

OBJECTIVE: 

This  Study  Guide/Workbook  will  acquaint  you  with: 
o    Identification  of  tubing/pipe  by  size  and  type 
o    Measuring,  cutting  an<?  bending  copper  tubing 
o    Identification  of  refrigeration  fitting  by  size  and  type 
o    Cutting,  flaring  and  swaging  tubing 
INTRODUCTION 

This  Study  Guide/Workbook  will  prepare  you  for  the  indicated  days  of  instruction. 
You  must  complete  the  assignments  ;":.d  be  prepared  for  evaluation  at  the  beginning  of 
each  day.    The  following  a88ignr«ent  will  be  referenced  from  various  chapters  in  the 
modern  refrigeration  and  air  conditioning  textbook. 

DIRECTED  STUDY 

Assignment  in  Preparation  for  Day  11: 

I.      Refrigeration  tubing,  size  and  type  identification 

A.      Read  Paragraph  2-1  and  ans^fer  the  following  questions: 

1.  Most  tubing  used  in  refrigeration  and  air  conditioning  is  made  of  (circle 
correct  answer) 

a.  aluminum  c.  copper 

b.  stainless  steel  d.  steel 

2.  All  tubing  used  in  air  conditioning  and  refrigeration  work  is  carefully 
processed  to  be  sure  that  it  is   

3.  Most  tubing  used  in  air  conditioning  and  refrigeration  is  the 
th  ickness.  " 


4.      Most  air  conditioning  and  refrigeration  tubing  is  protected  from  inside 
contamination  by  twc  ^^ctory  practices;  what  are  they? 


and 


B.      Read  Paragraph  2-2  and  answer  the  following  questions: 

1.  When  soft  copper  tubing  is  annealed,  thac.  means  it  is  (circle  correct 
answer) 

a.  connected  c.  sealed 

b.  her:t«d  ei.  hardened 

2.  In  vrhat  lengths  are  rolls  of  soft  copper  tubing  available? 


3.      What  happens  to  soft  copper  tubing  i^en  it  is  bent  or  hammered  on? 
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4.      Copper  tubing  used  in  refrigeration  and  air  conditioning  is  measured  by 


C.      Read  Paragraph  2-3  and  discuss  installation  principles  as  applied  to  hard 
drawn  copper. 


D.      Read  i.>ragraph  2-4  and  explain  why  steel  tubing  ONLY  should  be  used  in  R-717 
( ammonia)  systems. 


E.      Read  Paragraph  2-10  and  answer  the  following  questions: 

1  .      What  are  some  applications  where  nominal  size  copper  tubing  is  used? 


2.      When  is  nominal  size  copper  tubing  used  in  connection  with  refrigerants? 


3.      O.D.  size  is     larger  than  nominal  size. 

lis     Cutting  and  bending  copper  tubing 

A.      Read  Paragraph  2-11  and  answer  the  following  questions: 
1.      What  tools  are  used  to  cut  copper  tubing? 


2.      Discuss  the  application  of  each  tool  listed  in  the  answer  to  question  #1. 


3.      Discuss  the  precautions  to  be  observed  when  using  trie  tools  listed  in 
question  #2. 


4.      How  may  a  full-wall  thickness  be  obtained  after  cutting  a  piece  of 
tubing? 


1-2 
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B.      Read  Paragraph  2-12  and  answer  the  following  questions: 

1.      How  will  properly  bent  tubing  affect  its  installation: 


2.  Be  very  careful  when  bending  tubing  to  keep  it 

3.  Why  should  tubing  be  bent  gradually?  _____ 


4^      Explain  the  use  of  a  spring  bender  and  note  precautions  to  be  taken. 


5.      For  more-  accurate  bending,  which  type  bender  is  used? 

C.      Read  P^.tagriph  2-18  and  answer  the  following: 

1.      Code  No.  3  indicates  the  fitting  fits  3/16*'  tubing.    What  code  number 
would  fit  3/8"  tubing?   


2.      Fittings  are  usually  made  of  what? 


D.      Read  Paragraph  2-14  to  answer  tl^->  following: 

1.  Most  flares  are  made  at  a  ^.___^____^  degree  angle. 

2.  What  are  the  advantages  of  the  double  flare? 


HOMEWORK  fou  Day  11: 

Read  che  following  paragraphs  from  the  Modern  Refrigeration  and  Air  Conditionincj 
textbook.  Be  prepared  to  discuss  material  and  answer  questions  on  the  assigned  subject 
matter: 

Paragraphs  2-15  thru  2-17,  2-19/20,  2-24,  2-26  and  2-27. 
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SOLDERING  AND  BRAZING 


OBJECTIVE 


To  familiarize  vou  with  the  operation  of  the  hydrocarbon  and  oxyacetvlene  torch 
sSfdJr""''"  "'^         soldering,  and  tne  different  types  and  appuJatJon  Sf  ' 


INTRODUCTION 

h«„«  air-conditioning  and  refrigeration  career  field,  you  as  the  mechanic  will 

have  many  opportunities  to  repair  leaks  and  fabricate  tubing  which  will  rwuiJe  the 
of  soldering  and  good  soldering  methods.     In  this  lesson  yoG  JiU  learn  t^  iJopeJ  wav 
to  prepare  tubing,  apply  solder,  and  which  solders  to  use  for  the  man^  difleJent  5oS![ 

INFORMATION 
OIRBCTED  STUDY 

Assignment  in  Preparation  for  Day  12: 
r.      Soldering  copper  cubing 

A.      Read  Paragraph  2-21  and  complete  the  following: 
1.      Explain  the  term  •^soldering",  .  • 


2. 


How  are  the  parts  to  be  soldere<J  prepared  for  assembly? 


Explain  the  procedure  used  to  insure  that  flux  is  spread  evenly  over  the 
fturfac^i^s  that  are  to  be  fitted  together.  eveniy  over  tne 


List  four  procedural  steps  for  soldering, 
a.   


c.   ^. 

d.  ^  ' 

What  is  the  purpose  of  flux  to  the  soldering  process? 


ERIC 


2-1 


6.      What  important  fundamental  of  good  soldering  is  stated  in  this  paragraph? 


7.      According  t-^  this  paragraph,  why  should  oxygen  never  be  used  for  testing 
for  leaks? 


Read  Paragraph  2-22  and  answer  the  following: 

1.      What  type  soldering  can  be  used  for  a  very  strong,  leakproof  connection? 


2.      List  precautions  to  be  taken  when  doing  silver  solder/brazing. 


3.      What  is  the  usual  free  flow  temperature  for  silver  solder? 


Read  Paragraph  2-28  and  complete  the  following: 

1.      What  is  the  most  desirable  type  of  epoxy  adhesive  and  of  what  does  it 
consist? 


2.      What  types  of  materials  wi:*     epoxy  adhere  to? 


3.      In  making  an  epoxy  repair,  how  does  one  determine  the  type  of  repair  to 
be  made?  Explain. 


4.      Why  is  it  recommended  that  epoxy  compound  be  purdiased  from  a 
refrigeration  wholesaler? 


2-2 


27j 


5,      What  precaution  is  given  to  the  users  of  epoxy? 


6.      Give  procedures  for  using  epoxy  compound? 
a. 


b. 


c. 


HOMEWORK  for  Day  12: 

Read  the  following  paragraphs  from  the  Modern  Refrigeration  and  Air  Conditioning  text- 
book. Be  prepared  to  discuss  material  and  answer  questions  on  the  assigned  subject 
matter: 

Paragraphs  2-23,  14-:>;,  14-22^  28-52 
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PRINCIPLES  OF  PHYSICS 

OBJECTIVE 

To  help  you  in  learning  physics  as  r-lated  to  refrigeration,  the  refrigeration 
cycle,  and  ref irigerants  and  their  characti  istics. 

INTRODUCTION 

Look  at  the  refrigeration  industry*  and  the  many  improvements  that  have  been  made 
over  the  last  30  years.     In  the  future,  we  will  continue  to  use  refrigeration  in  the 
preservation  of  food  and  medicine,  but  the  greatest  strides  will  be  in  the  fields  of 
comfort  and  equipment  cooling. 

INFORMATION 

The  following  assignments  will  be  referenced  from  various  chapters  in  the  Modern 
Refrigeration  and  Air  Conditioning  textbook. 

1)1  SCTSD  STUDY 

Assignment  in  Preparation  for  Day  13: 
!•      Principles  of  physirj 

A.      Read  Paragraph  1-18  and  list  the  three  states  in  which  substances  exist. 

1.  

2.  

3. 


B.      Read  Paragraph  1-19  and  answer  the  following  questions: 


1.      Defi;ie  a  F  lid. 


2.      Explain  how  the  rate  of  vibration  of  .T»olecules  of  a  solid  are  affected  by 
temperature. 


3.      Read  Paragraph  1-20  and  define  a  liquid. 
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Read  Paragraph  1-21  and  answer  the  following: 
a.    Define  a  gas.  


b.      List  two  things  that  will  determine  the  physical  state  of  a 
substance. 

('i  -   

(2)    

Read   Paragraph  1-30      d  define  sensible  heat.   


Read  Paragraph  1-31  and  1-32  .r»nd  anpwer  the  following: 

a.  Define  specific  hea*:.  

b.  Define  latent  heat. 


c.  List  the  types  of  latent  hel^^  i  eou-.red  to  diange  the  state  of  a 
substance  from  a  solid  to  a  liquid    And  from  a  liquid  to  a  ^solid. 

(1)  

( 2 )   ^  

d.  All  of  the  basic  operations  of  the  compression  refrigeration  cycle 
are  based  on  two  types  of  hoat.    What  are  they? 

(1)  .   

(2)  

State  the  formula  for  calculating  the  amount  of  sensible  heat  added 
or  taken  away  €r<^  a  substance. 


Read  Paragraphs  1-3  and  1-4  and  answer  the  following: 
a.      What  is  heat? 


b.      What       the  U.  S.  Conventional  unit  of  heat? 


c.      Explain  how  heat  flows. 
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Read  Paragraphs  1-45  through  1-48  and  describe  the  methods  of  heat 
transfer. 


a. 


c. 


Read  Paragraph  1-29  and  define  the  term  British  liiermai  Unit, 


Read  Paragraph  1-15  and  answer  the  following^ 
a.      Define  pressurs. 


b.  At  cea  levelr  the  normal  pressure  of  the  atmosphere  is 

c.  What  effect  does  pressure  have  on  the  refrigeration  system 
opetaCion? 


Read  Paragraph  1-17,  study  figare  1-13,  i-14,  and  cinswer  the  following: 
a.      Explain  the  use  of  the  ccmpound  gauge,  what  does  it  measure? 


A  pressure  reading  of  0  psi  on  the  gauge  is  equal  to  what  absolute 
pressure?  Why? 


c.      Pressures  lower  than  atmospheric  pressures  are  called  wh;-.t? 


d.      What  is  a  manometer  used  for? 
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12.    Read  Paragraphs  1-34  and  1-35  and  answer  the  following: 

a.      Explain  the  effect  of  pressure  on  the  boiling  point  of  a  liquid. 


b.      Increasing  the  pressure  would  affect  the  freezing  temperature  of 

water.  Would  it  lower  or  raisf»  the  temperature  at  which  the  water 
would  freeze? 


HOMEWORK  for  Day  13: 

Read  the  following  paragraphs  from  the  Modern  Refrigeration  and  Air  Conditioning  text- 
book. Be  prepared  to  discust  material  and  answer  questions  on  the  assigred  subject 
matter: 

Paragraphs:     1-8,  1-28,  1-42,   1-^43  through  1-44,  1-56,   2-52  through  2-56,  2-69.  9-82 
15-28,  28-20,  28-62,  28-63. 


HOMEWORK  IN  PREPARATION  FOR  DAY  14 

I.      Pressure-temperature  relationship,  refrigerants 

A.  Read  Paragraph  1-42  and  define  "refrigerant." 

B.  Read  Paragraph  2-69  and  list  at  least  four  facts  or  precautions  concerning 
refrigerants  and  handling  of  refrigerants. 

C.  Read  Paragraph  9-28  and  answer  the  following: 

1.      The  evaporator  temperature  will  be    degrees  higher  than  the 

refrigerant  temperature  on  the  low  side. 

2»      The  evaporator  su;  U-ce  temperature  will  depend  on   and 
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REFRIGERATION  COMPONENTS  AND  ACCESSORIES 

OBJECTIVE 

To  help  you  to  learn  the  purpose,  principle  of  oper^t:ion,  maintenance  requirements 
location,  and  identification  of  refrigeration  accessories. 

INTRODUCTION 

So  far,  you  have  studied  tl.e  units  that  make  up  a  basic  refrigeration  system. 
These  are  several  other  units  that,   if  used  correctly,  will  materially  increase  the 
efficiency  or  safety  of  the  system.     These  units  are  called  accessories.  They  are  often 
advisable  but  net  definitely  required  in  a  system.     Each  system  must  be  considered 
individually  before  it  can  be  determined  if  a  given  accessory  will  improve  the 
efficiency  of  the  system. 

INFORMATION 

The  following  assignments  will  be  referenced  from  various  chapters  in  the  Modern 
Refrigeration  and  Air  Conditioning  ♦-extbook* 

DIRECTED  STUDY 

ASSIGNMENT  IN  PREPARMION  FOR  DAY  14 
I.      Refrigeration  Components 

A.  Read  Paragraph  4-13 

1.  What  is  the  purpose  of  the  condenser? 

2.  Where  is  the  heat  picked  up? 

3.  Domestic  refrigerators  commonly  use  four  types  of  condensers.     Name  the 
four  types. 

4.  To  properly  remove  he  it  Ta-'oib  the  t'efrigerant  vapor  what  must  be 
accomplished  with  the  ^ijnd^-^aer? 

B.  Read  Paragraph  4-3 

1.  There  .^re  two  pressure  conditions  in  any  compression  ref r igerat ic^» 
system.    What  are  they? 

2.  Which  components  are  located  on  the  low  side? 

3.  Which  components  are  located  on  the  high  side? 

C.  Read  Paragraph  15-54 

1.  The  calculation  of  heat  transfer  capacity  of  a  condenser  is  similar  to 
what? 

2.  How  fast  must  the  condenser  remove  heat  from  the  vapor? 

3.  Condensers  may  be  divided  into  wJ.at  2  main  types? 
J.      Read  Paragraph  12-7 

1.      What  type  condensers  are  common  in  commercial  systems? 

2*      How  can  the  efficiency  of  an  air  cooled  condenser  be  increased? 
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Read  Paragraph  12-8 

1.  Outdoor  air-r"- -)led  condenser  may  have  what  units  inside  the  building? 
Read  Paragraph  12-9 

1.      Water  cooled  condensers  are  bi::lt  in  three  styles.     Na:ne  tNe  three 
styles. 

Read  Paragraph  12-10 

1.      In  shell  and  tube  condensers  the  water  is  in  which  unit  and  the 
refrigerant  i3  in  which  unit? 

Read  Paragraph  12-11 

1.  In  shell  and  coil  condenser  where  is  the  cooling  water? 

2.  How  must  this  unit  be  cleaned? 
Read  Paragraph  12-12 

1.      In  the  tube  within  a  tube  condenser  where  is  the  water/    Where  is  the 
refrigerant? 

Read  Paragraph  1-59 

1r      The  word  "Evaporator"  is  used  to  indicate  wl-iat? 
Read  Paragraph  4-5 

1.      Evaporators  are  mainly  two  types.    What  are  they? 
2u      Name  the  four  different  styles  of  evaporators. 
Read  Paragraph  12-16 

1.  Into  what  two  main  grouf/**  are  evaporators  divided? 

2.  Natural  coaveetionr  air  cooled  evaporators  fall  into  three  olass'^s  or 
operating  conditions.     Name  the  three  conditions. 

Read  Paragraphs  4-1 4 ^  12'15 

What  is  the  purpose  of  the  liquid  receiver? 

2.  According  to  figure  4-15  what  are  the  two  common  types  of  receiver. 

3.  Most  receivers  have  what  to  prevent  dirt  entering  the  control  valve? 

4.  Receivers  should  hav-?  what  type  safety  device  installed? 
Read  Paragraph  4-27 

1.  The  original  energy  source  for  a  reciprocating  compressor  is  what? 

2.  The  rotf^ry  motion  of  the  electric  motor  is  changed  to  ktiat? 

3.  This  change  is  usually  made  by  what? 
Read  Paragraph  4-41 

1w      Nare  the  two  basic  types  of  rotary  compressors. 
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p.      Read  Paragraph  4-46 

1.  The  action  that  moves  vapor  outward  is  called  what? 

2.  The  pressure  gained  is   in  a  centrifugal  compressor. 

3.  What  is  the  ctiief  advantage  of  the  centrifugal  compressor? 
Q.      Head  Paragraph  7-13 

1.      When  the  motor  and  compressor  are  placed  inside  a  dome  or  housing  it  is 
called  what? 

R.      Read  Paragraph  4-9 

1.      What  is  the  purpose  of  the  suction  service  valve? 

S.      Pead  Paragraph  4-11 

1.  What  is  t*'^  discharge  service  valve  used  for? 

2.  According  to  figure  4"1 1  what  are  the  three  positions  for  the  service 
valve? 

nOMEWC^K  IK  PREPARATION  KOR  DAY  14 

Read  "he  fol];>wing  paragraphs  from  the  ^lodern  Refrigeration  and  Conditioning  text- 
book.    Be  prepared  to  discuss  material  and  answer  questions  on  the  aissigned  subject 
matter.     Paragraphs  2-71  ,  2-72,  2-73,  4-24,  4-28,  4-30,  4-31,*  4-33  thru  4-37,  4-42, 
4-43,>  4--^^,  4-50,  9-1  thru  9-4,  9-29,   12-14,   12-;7,   12-18,   12-19,  14-8 

DIRECTED  STUDY 

ASSIGNMENT  IN  PREPARATION  FOR  DAY  15 

I.      Heat  Exchangers,  Oil  Separat  »rators,  Dessicants 

A.      Read  Paragraph  12-35 

1.  Name  the  thr^e  adv.  of  ;a  heat  exchanger  in  the  suct\on  and  liquid 
line. 

2.  A  heat  exchanger  provides  for  what? 

3.  What  is  flash  gas? 

4.  A  heat  exchanger  also  helps  prevent   *  or 


on  ^he  suction  line* 


n.      Read  Paragraph  4-12 

1.  Will  a  small  amount  of  oil  throughout  the  system  barm  it? 

2.  What  happens  if  too. much  oil  is  pumped  into  components  such  as  condonser, 
refrigerant  controls,  and  evaporator? 

3.  Where  is  the  oil  separator  installed? 

4.  Explain  the  operation  of  the  oil  separator. 
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5.      Where  are  oil  separators  most  commonly  used? 
Reid  Paragraph  14-49 

5.      *^r^ter  r^r'nro^^^s  heat  from  metal  how  many  times  more  rapid  than  air? 
2«      ft  re  v^^^^r  cooled  condensers  larger  or  smaller  than  air  cooled  condensers? 
^rs  V "^'i^^^nser  it  designed  to  permit  a  water  temperature  rise  of  how  many 

<1.      HC'V  fticv.   degrees  s>v,.rjid  C:  added  to  the  water  temperature  t:  Jetermir.e 
refrigerant  teitperati^re? 

5.  The  i.wcrect  head  pressure  may  now  be  determined  how? 

6.  If  MinJ  pressure  is  too  high  v^at  should  be  done? 

7.  To  <^^<etermine  if  the  trouble  was  air  in  the  system  or  excess  refrigerant 
what  should  be  done? 

8.  If  the  pressure  does  not  drop  what  should  you  do? 

9.  Excessive  oil  in  the  system  ia  indicated  by  what? 

10.  A  common  water-cooled  condenser  problem  is  what? 

11.  What  are  the  two  operations  for  cleaning  a  condenser? 

12.  What  safety  precautions  should  be  taken  when  working  with  sulphu^ric  acid? 
Read  Paragraph  14-51 

1.  When  a  condenser  or      receiver  does  not  work  properly^  it  is  usually 
cheaper  to  do  what? 

2.  If  possibler  what  should  you  do  to  all  joints  to  insure  a  lasting 
leeUcproof  joint? 

3.  A  welded  condenser  can  be  cut  open,  a  new  water  coil  installed  and  the 
shell  re-welded.    This  is  done  only  in  an  extreme  emercjsncy .  Why? 

Read  Paragraph  14-52 

1.  In  addition  to  mounting  the  condenser,  brazing  the  Jc*         and  leak 
testing,  on  a  water  cooled  unit  yhat  should  be  tested? 

2.  What  should  be  done  to  all  parts  before  assembly? 
Read  Paragraph  14-44 

1.  Which  surfaces  mat  be  clean  to  insure  good  heat  transfer? 

2.  If  the  air  temperature  or  water  temperature  is  above  normal,  what  will 
happen  to  the  condenser  capacity? 

3.  If  there  is  air  in  the  system  where  will  it  collect? 

4.  High  head  pressure  can  be  caused  by  four  things.    Name  them. 

5.  For  an  overcharged  condition  when  should  the  system  be  purged? 


G.  Read  Parcigraph  14-4  5 

1.  To  find  the  temperature  of  the  refrigerant  what  should  be  added  to  the 
air  temperature? 

2.  If  pressure  is  below  normal  what  is  the  possible  cause? 

3.  Most  commercial  air-coolcJ  condensers  are  what  type? 

H.  Read  Paragraph  14-46 

1.  If  a  condenser  needs  replacing  or  is  leaking  what  must  be  done  with  it? 

2.  When  removing  refrigerant  from  a  condenser  what  safety  precautions  should 
be  taken? 

3.  Fens,  fan  brackets,  belts  and  motors  may  need  to  be  removed  on  some  units 
when  removing  the  condenser,  what  should  be  done  with  these  parts? 

4.  If  electrical  connections  are  removed,  what  should  you  do  with  them? 

5.  Why  should  wood  or  cardboard  protectors  be  taped  over  the  corners  oi*:  the 
fins  when  removing  a  condenser? 

I.  Read  Paragraph  7S-35 

1.  Name  five  common  dessicants. 

2.  Host  driers  will  remove  what  from  the  refrigerant? 

3.  Why  should  a  drier  be  in&called  in  a  cool  place? 

4.  Following  a  burnout,  a  large  capacity  drier  is  usually  placed  where? 

5.  When  should  this  drier  be  removed? 

HOMEWORK  IN  PREPARATION  FOR  DAY  15 

Read  the  following  paragraphs  fran  the  Modern  Refrigeration  and  Air  Conditioning 
Textbook.     Be  prepared  to  discuss  mat?.>rial  and  answer  questions  on  the  assigned 
material.     Paragrc        9-21,  9-22,  9-23,  9-24,  9-25,  9-26,   11-46,   14-47,   14-53,  15-43 
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BASIC  REFRIGERATION 

OBJECTIVE 

To  help  you  learn  the  basic  operation  of  a  simple  refrigeration  system;  to  teach 
you  to  assemble  th«  system;  and  to  practice  procedures  for  changing  and  checking  the 
system  for  leaks. 

INTRODUCTION 

A  simple  refrigeration  system  i?-  of  four  basic  components:  compressor 

condenser,  refrigerant  control,  and  th-'  ^^^p^^rator. 

The  proper  installation  of  these  components  is  necessary  to  obtain  a  satisfcccory 
and  trouble-free  operation. 

INFORMATI^.^ 

The  f  ■  assignments  will  be  referenced  from  various  diapters  in  the  Modern 

Refrigerat -'K:  .^ir.  -i  Air  Conditioning  *:^xtbook. 

DIRECTED  STUUY 

ASSIGNMENT  IN  PREPARATION  FOR  DAY  16 
I«      Refrigeration  Equipment 

A.  Read  Paragraph  12-69 

1.  Where  in  the  refrigeration  system  should  the  sight  glass  be  installed? 

2.  When  will  the  sight  glass  indicate  bubbles? 

3.  Sight  glasses  may  installed   or   . 

B.  Read  Pfi^ragraph  12-70 

1.      If  moisture  is  present  in  a  sysatem  charged  with  R-ll,  R    2,  R-U,  R-  ' 
and  R-1  14,  the  chemical  substance  in  a  moisture  indicate^  tir  11  turn 
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2.      What  will  happen  to  the  moisture  indicator  if  too  much  alcc:io;..  is  placed 
in  a  system? 

C.  Read  Paragraph  14-30 

1.  At    ^  ^  ^  ,  bubbles  will  appear  regardless  of  the 

amount  o£  refrigerant  in  the  system. 

2.  Lack  of  refrigerant  is  likely  due  to  a    in  the  equipment. 

D.  Read  Paragraph  4-15 

1.  In  common  practice  where  is  a  filter  drier  installed? 

2.  Filters  remove  what  from  the  system? 
B.      Read  Paragraph  11-53 

1«      A  drier-filter  should  be  replaced  when? 

2.      A  filter-drier  has  an    ,  stamped  or  cast  on  the  body  to 

indic^t^^  the  ^^^^^^^.^^  refrigerant  shoula  flon*  through  it. 

3*      Filter-driers  may  be  installed  how  in  a  system? 

6-i 


P*      Read  Paragraph  12-71 

1.  Practi-joV  /   and    must  be  removed  or  trapped  v^ere 

they  can  i  r  9r»n. 

2.  One  design        liquid  line  driers  allows  the  to  stay  in  tu^ 

line.    Only  the  need  *be  changed. 

3.  Name  the  most  common  deasicants. 

G.  '     Read  Paragraph  14-47 

1.  When  repairing  a  condensf?r,  vi^o::??;   Ir      usually  cheaper  to  replace  it, 
what  is  the  first  thing  you  Bnrj'i'd  do„ 

2.  If  a  tube  is  cracked  what  should  be  cone? 

3.  To  test  a  coradenuer  what  should  be  aone? 

H.  Read  Paragraph  14*48 

1.  What  should  be  protected  when  installing  a  condenser? 

2.  Why  should  fittin>gs  be  aligned? 

3.  In  installing  a  condenser,  n    leaks  are  found,  what  now  should  be  done? 

I.  Read  Paragraph  14-42 

1.  Before  installing  a  compressor  what  should  be  done? 

2.  Compressor  and  mo*.or  must  be  carefully  ^  

3.  The  belt  should  b«  tight  enough  to  allow  one  inch  of  belt  deflection  with 
how  much  force? 

HOMEWORK  IN  PREPARATION  FOR  DAY  16 

m    .J^^t^  following  paragraphs  fromt  he  Modern  Refrigeration  and  Air  Conditioning 

Textbook.    Be  prepared  to  discuss  material  and  answer  questions  on  the  assigned 
TJ-fSj  Paragraphs  12-66,   12-67,  12-72,   12-74,  14-3,   14-50,  11-60,  11-61  , 

DIRECTED  STUDY 

ASSIGNMENT  IN  PREPARATION  FOR  DAY  17 
I«      Leak  Checks 

A.  Read  Paragraph  11-38 

^*      it?  '"^^^^^^       testing  for  leaks  have  one  procedure  in  common,  what  is 

2.  Why  should  a  leak  check  be  performed  prior  to  evacuation? 

3.  Many  companies  recommend  uding  what  to  test  for  leaks? 

4.  After  repairing  a  leak  it  is  important  to  recheck  the  co^Aete  unit.  Why? 

B.  Read  Paragraph  11-27 

1.      To  check  prijsure  in  a  system^  gauges  must  be  connected  to  the  system 

without  allovfci^r:g     _      oj. 

tb  enter.  "       "  -   - —  '  ~~ 
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2.  A  system  with  service  valve  is  easiest  for  attaching 

gauges* 

3.  This  system  also  permits  one  to  check  v^at? 

4.  When  connecting  a  MGA  the  lines,  gauges  and  manifold  mjst  be  kept  free  of 
what? 

5.  The  manifold  should  be  purged  with  what? 
Read  Paragraph  14-7 

1.  A  big  help  to  the  service  teciinician  is  what? 

2.  This  piece  of  equipment  is  used  to  check  what? 

3.  What  are  the  parts  of  a  manifold  gauge  assembly? 

4.  Lines  from  the  manifold  are  attached  to  %«here  on  the  compressor? 

5.  What  positions  are  the  manifold  valves  for  charging? 
Read  Parcigraph  14-9 

1.  After  a  '%'^stem  is  assembled  you  should  do  v^at? 

2.  What  are  two  methods  for  testing  for  leaks? 

3.  Never  us    what  gases  to  check  for  leaks? 

4.  Leak  te-'^ns  should  include  what  parts  of  system? 
Read  Paraqrc^.  u  11-40 

1.  Name  ("^e  most  common  type  leak  detectors. 
Read  Paragraph  11-41 

2.  The  Tioap  bubble  method  of  leak  detection  used  what? 

3.  What  is  the  weak  point  of  using  soap  bubbles? 

4.  The  halide  torch  and  electronic  leak  detectors  are  difficult  to  use 
around  what  type  insulation? 

Read  Paragraph  11-42 

1.  What  are  the  three  gases  used  in  a  halide  detp^-tor? 

2.  Explain  how  the  halide  torch  works. 
Read  Paragraph  11-43 

1.  The  dielectric  type  electronic  leak  detector  measures  what? 

2.  Which  type  leak  detector  is  the  most  sensitive? 

3.  The  sniffer  of  electronic  leak  detector  should  be  placed  where  when 
checking  for  leaks? 

Read  Paragraph  11-44 

1.  To  repair  a  leak,  %«hat  must  be  done  with  the  refrigerant  in  the  system? 

2.  Refrigerant  should  not  be  in  a  system  when  soldering  or  brazing  why? 
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3.  Leaks  may  start  v^ere  in  a  syscern? 

4.  Leahs  are  most  often  found  where? 

5.  What  is  the  best  procedure  to  take  for  a  leak  at  a  fitting? 
J.      Read  Paragraph  2-72 

1.      What  is  meant  by  purging  a  system? 
K.      Read  Paragraph  11-75 

1.  What  is  meant  by  evacuating  a  system? 
2»      When  is  a  system  evacuated? 

3,      What  are  the  two  different  imethods  of  evacuation? 

4»      How  many  inches  of  mercury  is  drawn  on  a  triple  vacuum? 

5,      Which  type  of  evacuation  will  not  remove  all  the  moisture? 

Th<  »o^^t  careful    and  wiltl  not  clean  a  unit 

that  was  carelessly  put  together  with  dirt  in  the  system. 

L.      Read  Paragrarli  11-76 

1»      What  are  the  two  main  types  of  vacuum  pumps? 
M.       Read  Paragraph  14-12 

1*      What  are  the  two  basic  methods  ixcad  to  diarge  a  system? 

2.  When  a  system  is  charged  using  the  low  side,  which  ;.s  used  vapor  or 
liquid  ref r igerant? 

3.  What  may  be  used  to  speed  t;  -  evaporation  k'hen  charging? 

4.  What  may  happen  if  low  side  pressure  is  too  high  when  charging? 

5.  What  may  happen  if  low  side  pressur'  in  too  low? 

6.  Why  is  it  important  that  liquid  ref-  ^gevant  not  be  allowed  to  reach  the 
r oppressor? 

HOMEWORK  IN  PREPARATION  FOR  DAY  17 

Read  the  following  paragraphs  from  the  Modern  Refrigeration  and  Air  Conditioning 
textbook.     Be  prepared  to  discuss  material  and  answer  questions  on  the  assigned 
material.     Paragraphs  11-28,  11-29,  11-30,  14-32,  14-10,  11-45,  11-77 
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COMPRESSOR  CHECKS  AND  TROUBLE  ANALYSIS 

OBJECTIVE 

To  familiarize  you  with  the  steps  and  procedures  for  refrigeration  system 
maintenance. 

INTRODUCTION 

Careful  attention  to  details  and  good  workmanship  pay  dividends  in  better 
appearance  and  operation.    Eaci)  installation  should  be  carefully  planned  and  sketched 
and  a  list  of  materials  should  be  compiled.     These  steps  will  save  time  and  prevent 
costly  changes  on  the  job. 

After  the  refr;,v?riration  system  has  been  assembled,  all  the  air  must  be  removed,  the 
entire  installation  ft.,  it  be  tested  for  leaks,  and  the  proper  amount  of  refrigerant  must 
be  added.    The  succest>  or  failure  of  the  installation  depends  on  the  thoroughness  and 
the  care  with  wh^ch  th^se  things  are  accomplished. 

INFORMATION 

The  following  assignments  will  be  referenced  from  various  chapters  in  the  Modern 
Refrigeration  and  Air  Conditioning  textbook. 

DIRECTED  STUDY 

ASSIGNMENT  IN  PREPARATION  FOR  DAY  18 
I.      Replacement  of  Compressor  Parts  * 

A.  Read  Paragraph  14-31 

1*      What  are  th  -  five  general  steps  to  follow  v-hen  removing  any  part  from  a 
^^ystem? 

B.  Read  Paragraph  14-34 

1.  When  replacing  a  suction  service  valve,  you  must.  ^  all  the 

refrigerant  from  the  evaporator.  "'^^ 

2.  To  remove  a  discharge  service  valve  or  a  liquid  receiver,  what  is  dene 
with  the  system,  refrigerant? 

3.  What  precaution  should  be  taken  wiien  a  system  is  opened?. 

C.  Read  Paragraph  14-35 

1.  Why  should  you  never  rest  the  compressor  weight  on  the  flywheel? 

2.  Why  sliould  the  flywheel  be  removed  before  removing  the  compressor? 

3.  What  can  be  used  to  remove  the  flywheel? 

4.  When  lifting  a  compressor  the  service  technician  should  avoid  what? 

D.  Read  Paragraph  14-37 

1.  Name  the  3  types  compressor  hearings? 

2.  How  are  pid  bearing  sleeves  removed? 

3.  Bushings  pressed  in  a  blind  hole,  c^n  b<^  removed  how? 

4.  Always  measure  ^  crankshaft  at  the  journals  for  what? 
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5.  A  comnon  soutce  of  noise  in  a  compressor  is   , 

6,  Badly  scored  eccentric  connecting  rod  bearings  must  be    , 

E«      Read  Paragraph  14*38 

1«      A  leaky  crankshaft  seal  may  be  caused  by  what? 

2.  How  may  you  detect  a  leaky  seal? 

3,  A  leaky  seal  in  a  system  using  above  atmospheric  low-side  pressure  will 
cause  what? 

4.  The  visual  symptoms  of  question  3  are^  what? 

5,  List  the  4  steps  for  installing  a  replacement  seal. 
Fm      Read  Paragraph  14-39 

1.  A  defective  valve  plate  is  discovered.     If  a  new  one  is  available  what 
would  you  do? 

2.  May  discs  or  reeds  be  repaired? 

3.  What  is  coking? 

4.  What  causes  coking? 
6«      Read  Paragraph  14-40 

1 •      Why  should  new  gaskets  be  used  when  assemblying  a  compressor? 

2.  If  a  gasket  is  too  thick  what  will  be  the  result? 

3,  If  a  gasket  ig  too  thin  what  will  result? 

4.  When  a  compressor  is  overhauled,  should  new  or  old  oil  be  used? 

5,  What  is  the  maximum  amount  of  crankshaft  end  play  allowable? 
H.      Read  Paragraph  14-41 

!•      After  a  compressor  has  been  repaired,  what  should  be  done  with  it? 

2,  How  many  methods  can  be  used  to  test  for  leaks  on  repaired  compressors? 

3,  Exhaust  valve  leaks  can  be  located  in  how  many  ways? 

4,  Compressor  efficiency  is  Aecked  best  by  what? 
HOMEWORK  IN  PREPARATION  FOR  DAY  18 

Read  the  following  paragraphs  from  Modern  Refrigeration  and  Air  Conditioning  text- 
book.   Be  prepared  to  discuss  and  answer  questions  on  assigned  material.  Paraqraphs 
4-38,  4-39,  4-40,  4-52,  4-53,  4-54,  4-55,  4-56,  4-57,  4-58,  4-59,  4-61,  14-36 

DIRECTED  STUDY 

ASSIGNMENT  IN  PREPARATION  FOR  DAY  19 

I.      Service  compressor,  operate  trainer,  inspect  accessories 
A.      Read  Paragraph  9-31 

1.  Oil  circulates  through  the  system  with  the  • 

2.  Why  must  oil  be  used  in  a  compressor? 
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3.  What  are  the  five  properties  of  a  good  oil? 

4,  Oil  removed  from  a  system  should  be 


5.  When  impurities  are  discovered  in  oil  what  action  should  we  take? 

6.  Only  oil  recommended  by  whom  will  be  used? 
Read  Paragraph  9-32 

1»      Moisture  in  the  system  may  freeze  where  in  the  system? 

2.      Moisture  in  some  systems  may  cause  the  refrigerant  to  break  down  and  form 
what? 

3*      Itiis  breakdown  may  cause  what? 

4.      Refrigerants  must  be  kept  in  a  sealed  container  and  kept  completely 


5.  When  servicing,  avoid  exposing  cold  internal  parts  of  the  pystem  to  what? 

6.  When  internal  p^-:cs  are  exposed  what  will  happen? 
Cl      Read  Paragraph  11-47 

1.  A  lack  of  oil- in  a  system- will  do  what  to  the  mechanism? 

2.  An  overdiarge  of  oil  will  cauSe  what?* 

3.  On  a  service  call-  add  oil  only  when? 

4.  If  the  system  has  a  low  side  leak,  ^what  may.!happen? 

5.  If  you  had  a  low  side.  leak>  what  shauld  be  done  with  the  oil? 

6.  How  much  oil  should  be  replaced?  , 
D.      Read  Paragraph  14-84 

1.      All  the -oil  and.  the  oil  transfer  "equipment  must  be  _^   and 


2.  When  adding  oil  by  a  rapid  means  why  is  it  important,  that  some  oil  be  in 
the  glass  container? 

3.  Using  the  second  method*^  of  acpding  oil  to  a  crankcase,  hpw  do  we  add  oil? 
.  B.      Read  Paragraph  14-33 

1.      In  cases  of  refrigeration  failure,  check  which  component  first?  Why? 
2m      What  are  two  roost  common  causes  of  compressor  failure? 
3..     Noisy  valves  and  worn  piston  can  be  detected  by  what? 
4«.    An  intake  valve  leak  is  indicated  by  what? 
5.     ~A  seal  leak  is  usually  noticeable  by  irtiat? 
HOMEWORK  IN  PREPARATION  FOR  DAY  19 

Read  the  follbwing  paragraphs  from  Modern  Refrigeration  and  Air  Conditioning  text- 
book.    Be  prepared  to  discuss  and  answer  questions  t>n  assigned  material.  Paraqraphs 
4-6,  4-7,  /54-28,  I478I,  22-26 

DIRECTED  STUDY 


ASSIGNMENT  IN  PREPARATION  FOR  DAY  20 

I.      Equipment  Maintenance  and  Troubleshooting 

A.  Read  Paragraph  11-12 

1.      Most  outside  noise  in  the  refrigerator  ccxnes  from  what? 

B.  Read  Paragraph  11-16 

1.  Large  amounts  of  ice  build  up  act  as  what? 

2.  The  cause  of  ice  build  up  is  usually  caused  by  what? 

3*      What  can  we  check  to  see  if  the  gasket  is  tight  enough  on  the  door? 

C.  Read  Paragraph  11-50 

1.      The  most  costly  service  repair  is  what? 

'2.      The  fault  of  a  motor  compressor  can  be  two  things.    What  are  they? 

3.  If  system  starts  and  operates  correctly  using  manually  start  electrical 
connections,  the  problem  is  what? 

4.  If  the  electrical* system  operates  corectly,  then  the  compressor  may  not 
be   . 

5.  The  best  check  of  a  motor  compressor  is  what? 

D.  Read  Paragraph  11-34 

1.      A  se.ryice  technician  should  be  able  to  locate  the  causes  of  almost  every 
problem  with  what? 

E.  Read  Paragraph  11-35 

1.  When  moisture  forms  ice  at  the  refrigerant  control  the  system  will 
completely  . 

2.  If  ice  forms  at  the  refrigerant  control  closing  the  refrigerant  control 
the  compound  gauge  will  show  %«hat? 

3.  The  moisture  may  be  removed  how? 

F.  Read  Paragraph  11-36 

1.  Refrigeration  oil  has  had  what  done  to  it? 

2.  Some  wax  may  be  separated  from  the  oil  at  what  point? 

3.  Why  does  this  happen? 

4.  When  wax  separates  at  the  refrigerant  contol  v^at  occurs  with  the  low 
pressure? 

5.  The  only  remedy  for  this  clogging  is  to  do  what? 

G.  Read  Paragraph  11-37 

1.  A  common  source  of  poor  refrigeration  is  what? 

2.  A  below  normal  low  side  pressure  and  below  normal  high  side  pressure  is 
an  indication  of  what? 
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Read 

Paragraph  3-4  2  -  3-43 

1. 

A  defective  service  cord  can  cause  the  unit  to  do  what? 

2. 

What  will  be  the  corrective  remedy? 

3. 

Warm  or  hot  foo<a  placed  in  the  cabinet  will  cause  the  unit  to 

do 

what? 

4. 

What  will  be  the  corrective  action? 

5. 

A  fan  motor  not  running  will  cause  what  trouble? 

€. 

What  corrective  action  should  be  taken? 

7. 

A  poor  door  seal  will  cause  the  unit. to  do  what? 

8. 

You  have  insufficient  oil  in  the  unit^  what  will  be  the  trouble? 

9. 

What  corrective  action  should  be  taken? 

10. 

A  common  cause  of  moisture  in  the  refrigerator  is  noted,  what 
trouble? 

is 

the 

HOHEWORK  IN  PREPARATION  FOR  DM  20 

Read  the  following  paragraphs  from  Modern  Refrigeration  and  Air  Conditioninq  text- 
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REFRIGERATION  LINES  AND  TUBING  FABRICATION 
PART  1 

(Day  11) 
OBJECTIVE 

Given  an  assortment  of  copper  tubmg/pipe,  identify  the  tubing/pipe  by  size  and 
type  with  80%  accuracy.     You  will  be  allowed  approximately  30  minutes  to  complete  this 
objective. 

PROCEDURE 

IDENTIFYING  COPPER  TUBING 

!•      The  tubing  samples  on  the  bench  are  numbered.     Identify  each  sample  by  writing  the 
type  and  size  opposite  the  number  that  corresponds  to  the  tubing  sample.  Under 
application,  list  when  or  where  the  tubing  should  be  used. 


SAMPLE 
NO. 

TYPE 

SIZE 

1 

APPLTPATTON 

1 

2 

3 

4 

5 

2.    Refrigeration  tubing  is  sized  by 


ERIC 


1-1  295 


PART  2 

OBJECTIVE; 

Given  a  ruler,  tubing  cutter,  tubing  bender,  and  a  roll  of  copper  tubing,  measure, 
cut,  and  bend  tubing  to  an  operational  configuration  without  personal  injury  or 
equipment  damage*     Finished  tubing  must  conform  to  instructor's  template  +  1/8".  You 
will  be  allowed  approximately  30  minutes  to  complete  this  criterion. 

PROCEDURE 

CUTTING  AND  BENDING  TUBING 

CUTTING 

1.  Select  a  roll  of  3/B-inch  copper  tubing. 

2.  Unroll  approximately  two  feet  of  the  tubing,  cut  a  piece  approximately  twelve 
incues. 

3.  From  this  piece,  measure  and  mark  the  tubing  eight  inches  from  the  end. 

4.  Install  the  tubing  cutter  so  that  the  cutter  wheel  is  over  the  mark. 

5.  If  a  tube  cutter  is  not  available,  what  may  be  used  to  cut  the  tubing? 


6.  Tighten  the  cutter  wheel  slightly  (1/4  turn)  against  the  tubing  and  revolve  the 
cutter  slowly  around  the  tubing. 

7.  Continue  revolving  cutter,  tightening  slightly  (approximately  1/4  turn:  after  each 
turn  until  the  tube  is  cut  through. 

CAUTION:     Be  careful  not  to  drop  the  cutter  and  tube  when  the  cut  is  completed* 

8.  Remove  the  cutter  and  insert  reamer  in  the  end  of  the  tubing.     Revolve  the  reamer 
until  the  burr  is  removed  from  the  inside  of  the  tubing. 

9.  Inspect  the  tube.     If  it  is  still  rough  on  the  end,  smooth  it  very  lightly  with 
reamer. 

NOTE:     The  reaming  procedures  should  be  done  with  the  open  end  of  the  tube 
pointing  down  so  the  filings  will  not  fall  into  the  tube. 


BENDING  TUBING  180* 

1.      Measure  the  exact  center  of  the  piece  you  have  cut  off  and  mark.     It  should  be 
tour  inches.     This  is  known  as  the  "Center  Mark". 

2»      To  make  a  180*  bend  and  have  the  legs  of  the  bend  the  same  length,  measure  back  to 
the  left  of  the  center  mark  15/16  of  an  inch  and  mark*     This  is  known  as  the 
"Start  Mark". 

3.  Select  the  correct  tube  bender  for  3/8-inch  tubing. 

4.  Find  the  radius  of  the  mandrel  (that  part  of  the  bender  which  the  tubing  is  bent 
around).  Locate  the  "R"  index  mark  on  the  top  handle  of  tube  bender  and  the  "O" 
index  mark  on  the  mandrel. 

5.  Insert  tubing  into  bender,  making  sure  long  part  of  the  tubing  extends  to  your 
right.     Place  tubing  lock  on  tubing* 
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6«      Align  "K**  index  mark  on  tube  bender  handle,  start  mark  on  tubing,  and  "0"  index 
mark  on  mandrel* 

Bring  handle  down  until  '*R"  index  mark  and  180''  index  mark  are  aligned. 

8.  Remove  tubing  from  bender. 

9.  Check  the  bend  for  accuracy. 

10.  Have  the  Instructor  check  your  work. 

11.  To  make  a  90*  bend,  follow  above  procedures,  except  step  2.     Measure  back  1/4-inch 
from  center  mark  and  mark  your  start  mark.    When  making  90''  bend,  bring  aandle 
down  until  **R**  and  90*  index  marks  are  aligned. 


o 
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PART  3 


OBJECTIVE 


Using  a  ruler  and  ari  assortment  of  refrigeration  fittings,  identify  one  of  each 
type  by  size  and  type  with  no  more  than  one  error.     You  will  be  allowed  approximately  30 
minutes  to  complete  this  objective. 


PROCEDURE 


IDENTIFYING  REFRIGERATION  FITTINGS 


1.      Identify  the  following  illustrated  fittings  by  writing  in  the  correct  nomenclature 
in  the  spaces  provided* 

Example: 


a. 

Fitting,  refrigeration, 

brass, 

Half-Union  Reducer.  3/8*' 

Flare  to  1/2"  MPT 

b. 

Pitting,  refrigeration. 

copper. 

c* 

Fitting,  refrigeration. 

brass , 

d. 

Fitting,  refrigeration, 

brass , 

e« 

Fitting,  pipe, 

f . 

Fitting,  refrigeration. 

brass , 

g- 

Fitting,  refrigeration, 

brass , 

h. 

Fitting,  refrigeration. 

cooper , 

I  3/8"0 


I  1/2"  ID_ 


!/2"  OdI 


:  1/2 

ll/?"  OP 


5/8' 


Cal 


JIT 


3/4"  ID 


01 


1/4" 


1/2" 


HI  Wlii£-lLJ> 


hH    1/2"  ID 
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Complete  the  following  statements  regarding  refrigeration  fittings  and  measurement, 
a.    Name  the  three  main  types  of  refrigeration  fittings* 


b.     Name  the  two  types  of  flare  nuts. 


c.     Explain  how  the  following  fittings  are  measured: 
Sweat 


Flared 


Pipe 


Identify  each  of  the  fittings  provided  you  (numbered  1  through  5}  according  to  type 
and  size. 


NUMBER 


TYPE 


SIZE 


PAUT  4 

(Day  11) 
OBJECTIVE 


SwS^e  Will  5?'s:??aSJI'fSr;  soV/er  TaniTtlV"''','c!^  lln  llT..T//''°''^\''^''''' ''''' 
hours  to  complete  this  objective.      connection.     You  will  be  allowed  approximately  I 

PKOCKDURE 

FLARING  AND  SWAUINU  COPPER  VUUING 

Flaring 

1.  Remove  the  burrs  from  one  end  of  the  90*  bend. 

2.  Place  a  3/8-inch  flare  nut  on  the  tubing. 

3.  Place  the  tubing  in  the  flaring  block  (see  figure  1). 


4. 
5. 


Figure  1.    Tube  Installed  in  Flare  Block 

oI;e-^h?id^of'thi'*>,^^'rf''  ''^"^"^  ^  distance  o.,uul  to 

HelrIgrr2t?L'SxSS5."'  '""^  '  ^^'^^ 

Tighten  the  wing  nuts  on  the  flare  block  as  tight  as  possible  with  your  fingers. 
Insert  the  flaring  yoke  over  the  flare  block  (see  figure  2). 


Figure  2.    Flaring  Yoke 


6.      Tighten  T-handle  3/4  turn  moving  the  flaring  face  into  the  end  of  the  tubing  and 
then  loosen.     Continue  this  procedure  until  the  flare  is  completed. 

^  .     Remove  the  flaring  yoke. 

8.      Loosen  the  wing  auts  and  remove  the  tubing. 
9-      Have  the  Instructor  check  your  work. 

10.     To  fabricate  a  ilare  on  the  opposite  cod  of  the  90*  bend,  follow  the  above 
procedures. 

Swaging  Cooper  Tubing 

1.  Ream  both  ends  of  the  180*  copper  bend. 

2.  Insert  one  piece  of  the  copper  tubing  in  the  sv;aging  block  as  illustrated  in  figure 
3. 


Toot' 


RwftglnK  Block 


Figure  3.     Swaging  Block 

3.  Insert  the  proper  size  swaging  tool  in  the  tubing  as  illustrated  in  figure  4. 

4.  Use  light  strokes  with  a  ball-peen 
hammer  and  drive  the  swaging  tool 
into  the  tubing. 

NOTE:  The  swaging  tool  should  be 
turned  slightly  after  each 
stroke. 

5.  Remove  the  swaging  tool. 

6.  Remove  the  tubing  from  the  swaging 
block. 

7.  Have  the  Instructor  check  your  work. 

8 .  To  fabricate  a  swage  on  the  oppo- 
site end  of  the  180*  bend,  repeat 
steps  2  through  7. 


Figure  4. 


1-7 

3'i 


3770  Technical  Training  Group 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 


WB  3ABR54530-001-II-2 


SOLDERING  AND  BRAZING 
(Day  12) 
OBJECTIVE 

With  instructor  assistance  and  using  the  hydrocarbon  torch,  soft  solder  a  copper 
swage  joint  with  at  least  75%  penetration,  with  no  excess  inside  of  joint,  observing 
safety  precautions  for  flammables.    You  will  be  allowed  approximately  1  1/2  hours  to 
complete  this  criterion* 


PROCEDURE 

SETTING  UP  AND  LIGHTING  THE  TORCH 
1. 


AIR-ACETYLENE  TORCH 


4. 


6. 
7. 


Turn  the  pressure  adjusting  screw  of  the  regulator  assembly  (E,  Figure  5) 
counterclockwise,  all  the  way  out,  to  place  the  diaphragm-type  valve  in  a  closed 
X>osition« 

Connect  regulator  (B),  with  hose  assembly  (C)  and  tip  (D)  attached,  to  the  tank. 
Tighten  the  nut  securely  with  a  wrench. 

Open  the  tank  valve  (A)  1/4  turn.  Use 
a  tank  key  and  leave  it  on  the  tank. 

Set  the  pressure  adjusting  screw  for 
the  approximate  pressure  desired. 

Light  the  torch  (use  a  friction  lighter). 

Readjust  the  regulator  pressure  adjusting 
screw  to  get  the  desired  flame  size. 

To  shut  off  the  torch,  close  the  tank  valve. 

Figure  5. 


SOFT  SOLDERING 
PREPARING  COPPER  FOR  SOLDERING 

1.  Thoroughly  clean  both  surfaces  that  are  to  be  joined. 

NOTE-     Metal  surfaces  must  be  cleaned  extremely  well  before  they  will  soft-solder 
correctly.    The  surfaces  should  be  cleaned  with  steel  wool  or  fine  sand- 
paper or  a  file  may  cut  into  the  metal  and  cause  a  weak  joint. 

2.  Apply  a  noncorrosive/non-acid  flux  (salve  type)  to  the  cleaned  area. 

CAUTION:     This  flux  is  very  irritating  to  the  eyes.     Do  not  rub  your  eyes  with 
fingers  after  getting  flux  on  them. 

NOTE:     Do  not  apply  the  flux  too  thickly  as  excess  flux  may  form  bubbles  when 
heated  and  prevent  the  solder  from  flowing  into  the  joint. 

3.  After  the  tube  has  been  inserted  into  the  fitting,  revolve  it  once  or  twice  to 
spread  the  flux  evenly. 

4.  Light  the  air-acetylene  torch  and  adjust  flame  for  soft  soldering. 
|5.      Apply  the  flame  to  one  side  of  the  fitting. 
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6.  Occasionally  test  the  heat  by  touching  the  fitting  with  the  solder. 
CAUTION:     Do  not  let  the  flame  touch  the  solder. 

7.  Remove  the  flame  and  apply  solder  to  the  opposite  side  of  fitting  from  flame. 

NOTE;     Most  beginning  personnel  have  a  tendency  to  use  too  much  heat  and  too  much 
solder. 

8.  Turn  off  the  air-acetylene  torch. 

CAUTION:     Lift  hot  tubing  with  pliers  and  cool  in  water  bucket  on  the  workbench. 

9.  Have  the  Instructor  check  your  work. 

10.  The  Instructor  will  have  you  cut  your  completed  joint  to  check  the  condition  of  the 
soldered  surfaces. 

PART  2 

(Day  12) 
OBJECTIVE 

With  instructor  assistance  and  using  a  hydrocarbon  torch,  hard  solder  a  copper 
swage  with  at  least  75%  penetration,  with  no  excess  inside  of  joint.     You  will  be 
allowed  approximately  30  minutes  for  this  criterion. 

PROCEDURE 

HARD  SOLDERING  USING  SIL-FOSS 

PREPARING  COPPER  FOR  SOLDERING 

1.  Thoroughly  clean  both  surfaces  that  are  to  be  joined. 

NOTE:     Metal  surfaces  must  be  cleaned  extremely  well  before  they  will  solder 

correctly.     The  surfaces  should  be  cleaned  with  steel  wool  or  fine  sand- 
paper.    Rough  sandpaper  or  a  file  may  cut  into  the  metal  and  cause  a  weak 
joint. 

NOTE:     Sil-Foss  does  not  require  flux. 

2.  After  the  tube  has  been  inserted  into  the  fitting,  light  the  air-acetylene  torch 
and  adjust  flame  for  hard  soldering. 

3.  As  the  copper  fitting  begins  to  turn  cherryred,  touch  the  hard  solder  to  the 
fitting  on  the  opposite  side  if  the  flame. 

CAUTION:     Do  not  let  the  flame  touch  the  solder.     The  metal  must  be  hot  enough  to 
melt  the  solder. 

4.  Turn  off  the  air-acetylene  torch. 

CAUTION:     Lift  hot  tubing  with  pliers  and  cool  in  water. 

5.  Have  the  Instructor  check  your  work. 

6.  The  Instructor  will  have  you  cut  your  completed  joint  to  check  the  condition  of  th^ 
soldered  surfaces. 
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PART  3 

(Day  12) 
^^BJECTIVE 

With  instructor  assistance  and  using  the  hydrocarbon  torch  and  aluminum  repair  kit 
provided,  make  a  simple  repair  to  damaged  aluminum  tubing*     The  repair  material  must 
adhere  to  the  aluminum  and  must  be  of  the  approximate  color  to  indicate  a  leak  proof 
repair.     You  will  be  allowed  approximately  30  minutes  to  complete  this  criterion. 

PROCEDURES 

ALUMINUM  REPAIR  KIT 
HOT  PATCH 

1.  Locate  leak  on  tubing. 

2.  Clean  damaged  area  on  tubing,  using  steel  wool  or  sandpaper  (and/or  aluminum 
cleaning  solvent). 

3.  Mix  equal  parts  of  resin  and  hardener  on  a  disposable  item  (wood,  paper). 

4.  When  thoroughly  mixed,  apply  to  damaged  tubing. 

5.  Double  thickness  application  is  advisable. 

6.  Light  the  air-acetylene  torch  and  adjust  flame  for  a  soft  flame. 

7.  Apply  the  flame  to  aluminum  tubing. 

CAUTION:     Use  touch-and-go  method.     Do  not  let  the  flame  come  in  contact  with  the 
epoxy  patch. 

•|3.  Remove  flame  when  epoxy  changes  color  (or  as  otherwise  directed  by  manufacturer  of 
'         the  epoxy). 

9.  Turn  off  air-acetylene  torch.     Allow  tubing  to  cool. 

10.  Have  Instructor  check  your  work. 

HEAT  STICK 

1.  Locate  leak  on  tubing. 

2.  Clean  area  to  be  repaired,  using  steel  wool  or  sandpaper. 

3.  Using  the  air-acetylene  torch,  heat  area  to  be  repaired  until  heat  stick  will  flow. 

CAUTION:     Use  touch-and-go  method.     Do  not  let  the  flame  come  in  contact  with  the 
stick. 

4.  Cover  the  area  to  be  repaired  with  heat  stick. 

5.  Allow  tubing  to  cool. 

6.  Have  Instructor  check  your  work. 


EKLC 
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PART  4 

(Day  13) 
OBJECTIVE 

With  instructor  assistance  and  using  the  oxyacetylene  torch,  silver  solder/braze  a 
copper  swage  joint  of  each  type,  with  at  least  75$  penetration  with  no  excess  inside  the 
Joint.    You  will  be  allowed  approximately  2  hours  to  complete  this  criterion. 

PROCEDURE 

PREPARING  OXYACETYLENE  EQUIPMENT  FOR  USE 
REVIEWING  SAFETY  PRECAUTIONS 

Study  the  following  safety  precautions  and  observe  them  as  you  progress  with  the 
steps  of  this  workbook. 

!•      Refer  to  oxygen  and  acetylene  by  tbeir  proper  names. 

2.  Use  cylinders  in  an  upright  position  only. 

3.  Never  use  oil  or  grease  on  oxyacetylene  equipment  (FIRE  HAZARD). 

4.  Provide  adequate  ventilation. 

5.  Do  not  release  oxygen  or  acetylene  in  a  confined  space. 

6.  Do  not  use  acetylene  at  pressures  higher  than  15  psi. 

7.  Turn  off  regulators  before  turning  on  gases  from  cylinders. 

8.  Close  cylinder  valves  when  leaving  for  an  extended  period. 

9-  Use  a  friction  lighter  to  light  torch- 

10-  Never  leave  a  burning  torch  unattended. 
ASSEMBLY  OF  EQUIPMENT 

!•      Locate  the  oxygen  and  the  acetylene  connections  on  the  manifold. 

2.  Check  outlet  of  both  connecting  valves,  for  any  dust  or  foreign  particles.  If 
present,  remove  with  a  nomnetallic  brush. 

3.  Attach  the  oxygen  and  acetylene  regulators  to  their  respective  connects ons. 

NOTE:     The  oxygen  regulator  connection  has  right-hand  threads  a^d  the  acetylene 
regulator  has  left-hand  threads. 

4.  Secure  the  nuts  with  the  wrench  provided. 
TESTING  EQUIPMENT  FOR  LEAKS 

1.  Close  torch  handle  valves,  open  manifold  valves,  and  turn  the  regulator  handles  to 
the  right  to  allow  a  little  pressure  to  build  up. 

NOTE:     Leaks  can  be  detected  by  using  soap  solution  (see  figure  6). 

2.  Stop  all  leaks  befoj-o  going  any  further 


Figure  6-    Checking  for  Leaks  Figure  7-     Lighting  the  Torch 

LIGHTING  TORCfl 

!•      Adjust  regulators  to  indicate  pressures  same  as  tip  size. 

2.  Open  the  torch  handle  acetylene  valve  approximately  1/4  turn- 

3.  Light  the  gas  flowing  through  the  torch  tip  (see  figure  7)- 

4,  Open  torch  handle  oxygen  valve  approximately  1/8  turn, 

5,  Open  the  acetylene  valve  until  the  base  of  the  flame  leaves  the  tip  1/16  inch- 
es     Slowly  open  the  oxygen  valve  until  a  carburizing  flame  is  obtained. 
SHUTTING  OFF  THE  ACETYLENE  TORCH 

1.  Shut  off  the  acetylene  torch  valve. 

2.  Shut  off  the  oxygen  torch  valve. 

3.  Close  the  acetylene  manifold  valv^. 

4.  Open  the  acetylene  torch  valve  allowing  the  acetylene  to  escape  from  the  regulator 
and  hose. 

5.  Turn  the  acetylene  regulator  adjusting  screw  counterclockwise  until  it  turns 
easily. 

6.  Close  the  acetylene  torch  valve. 

7.  Close  the  oxygen  manifold  valve. 

Open  the  oxygen  torch  valve  allowing  the  oxygen  to  escape  from  the  regulator  and 
hose. 

9.  Turn  the  oxygen  regulator  adjusting  screw  counterclockwise  until  it  turns  freely. 

10.  Close  the  oxygen  torch  valve. 

11.  Return  hoses  and  regulators  to  lockers  provided. 
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SILVER  BRAZING 

Thoroughly  clean  the  contacting  surfaces  of  Joints  to  be  soldered. 

Apply  a  silver  soldering  flux  to  the  male  fitting.     (Paste  Type) 

Insert  the  male  fitting  Into  the  swage  and  revolve  It  once  or  twice  to  spread  the 
flux  evenly. 

Light  the  oxyacetylene  torch  and  adjust  to  a  carburlzlng  flame. 

Apply  the  flame  evenly  to  one  side  of  the  swage  bringing  It  to  a  cherry  red. 

NOTE:     Silver  solder  melts  at  a  temperature  of  1000*  to  1150*F. 

Apply  the  solder  to  the  top  of  the  fitting  on  the  opposite  side  from  flaL?  while 
applying  heat  near  the  bottom  of  the  swage. 

NOTE:     If  the  heat  Is  applied  near  the  bottom  of  the  swage,  the  solder  will  be 
drawn  to  the  bottom* 

Turn  off  the  oxyacetylene  torch. 

CAUTION:     Use  pliers  to  handle  hot  metal,  cool  It  In  water  bucket. 
Cut  the  completed  Joint  with  a  hacksaw  and  check  for: 

a.  Penetration. 

b.  Excess  flux. 

c.  Oxidation. 

d.  Excess  solder. 

Have  the  Instructor  check  your  work. 


SILVER  BRAZING  USING  SIL-FOSS 
Insert  the  male  fitting  into  the  swage. 

note:     Sil-Foss  soldering  rod  contains  its  own  fluz  and  cleaning  agent.     The  tubing 
does  not  have  to  be  cleaned  or  fluxed. 

Light  the  oxyacetylene  torch  and  adjust  to  a  carburizing  flame. 

Apply  the  flame  evenly  to  one  side  of  the  swage,  bringing  it  to  a  cherry  red. 

NOTE:     Sil-Foss  soldering  rod  melts  at  a  temperature  of  around  1250 'F. 

APDly  the  silver  solder  rod  to  the  top  of  the  fitting  on  the  opposite  side  from 
nSie.whife  applying  heat  near  the  bottom  of  the  swage. 

NOTE:     If  the  heat  is  applied  near  the  bottom  of  the  swage,  the  solder  will  be 
drawn  to  the  bottom* 

Turn  off  the  oxyacetylene  torch. 

CAUTION:     Use  pliers  to  lift  hot  metal  and  cool  in  water  bucket. 
Cut  the  completed  joint  with  a  hacksaw  and  check  for: 

a.  Penetration. 

b.  Oxidation. 

c.  Excess  solder* 

Have  the  Instructor  check  your  work. 
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1^  PRINCIPLES  OF  PHYSICS 

J* 

PART  1 

(Day  13) 
OBJECTIVE 

Given  a  commercial  text,  complete  the  assigned  factual  statements  involving  the 
principles  of  physics  with  80%  accuracy.     You  will  be  allowed  approximately  1  hour  to 
complete  this  objective* 

PROCEDURE 

Answer  the  following  questions  from  your  commercial  text. 

1.      Paragraphs  1-3,  1-4.    Heat  is  h.  form  

Heat  always  flows  from  .  

Paragraph  1-5.     A  refrigerator  gets  cold  by  doing  what  with  the  heat? 


Paragraph  28-62.     Boyle's  law  states  that  if  a  pressure  is  applied  to  a  gas  in  a 
cylinder  then  the  volume  will  increase/decrease. 

If  an  aerosol  can  is  emptied  in  this  classroom,  will  the  volume  of  the  gas  leaving 
the  can  increase  or  decrease? 


3.      Paragraph  28-63.     Charle's  law  states  that  if  a  bottle  of  gas  is  heated  the 
pressure  will  increase/decrease. 

If  a  cylinder  of  gas  is  emptied  rapidly,  will  the  cylinder  become  hot  or  cold? 


4.      Define  sensible  heat. 


5.      Define  latent  heat. 


6.      Name  the  three  methods  of  heat  transfer. 
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7.      What  is  superheat? 


What  is  sub-cooling? 


8*      Define  pressure. 


9*      Define  a  vacuum. 


10.    Name  the  four  snajor  components  of  a  refrigeration  system. 

a.  

b. 


c. 
d. 


PARI 

(Day  14) 
OBJECTIVE 


Given  a  PT  chart,  explain  the  pressure-temperature  relationship  for  different 
refrigerants  at  various  temperatures/pressures  with  80%  accuracy.    You  will  be  allowed 
approximately  1  hour  to  complete  this  objective. 

PROCEDURE: 


1.      Define  refrigerant. 
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2. 


Naae  five  characteristics  of  Halo-Carbon  refrigerant. 


3.      The  ambient  temperature  is  85-F.  using  forced  air  and  R-12  what  should  your 
discharge  pressure  be? 


4.      The  ambient  temperature  is  100-F.  using  forced  air  and  R-11  what  should  your 
discharge  temperature  be? 


5.      Your  MGA  indicates  15  pounds  pressure.     Using  R-12  what  would  be  the  temperature  of 
your  refrigerant  on  the  low  side? 


METRIC  CONVERSIONS 


Using  the  formula  shown  on  page  12  of  the  Modern  Refrigeration  and  Air  Conditioning 
textbook,  complete  the  following  problems. 

1.      Convert  a  Fahrenheit  temperature  of  80-  to  centigrade  (Celsius). 


2.      Convert  a  Celsius  temperature  of  15-  to  a  Fahrenheit  temperature. 
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3770  Technical  Training  Group  WB  3ABR54530-001-I J-4 

Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 

REFRIGERATION  COMPONENTS  AND  ACCESSORIES 

PART  I 

OBJECTIVE 

Given  a  list  of  five  principles,  select  the  ones  which  define  the  operating 
principles  of  the  compression  refrigeration  cycle.    One  error  permitted.     You  will  be 
allowed  10  minutes  to  complete  this  objective. 

PROCEDURE 

In  the  space  provided  indicate  whether  the  statement  is  true  or  false. 

  In  the  compression  refrigeration  cycle  compression  takes  place  on  the  down 

stroke  of  the  piston. 

  HPHT  gas  is  charged  to  HPHT  liquid  i>a  the  condenser  by  desuperheating, 

condensing,  and  subcooling. 

  The  evaporator  removes  heat  from  the  refrigerated  space. 

  The  refrigerant  control  meters  refrigerant  into  the  evaporator, 

  The  purpose  of  the  condenser  is  to  get  rid  of  heat  picked  up  in  the 

evaporator. 

PART  2 

(Day  14} 

)bjectivh: 

Given  the  names  of  three  refrigeration  components,  explain  the  basic  types, 
purpose,  and  principle  of  operation  for  each  component  with  a  total  of  no  more  than 
three  errors.    You  will  be  allowed  approximately  25  minutes  to  complete  this  objective. 

PROCEDURE 

Using  t^e  text  references  and/or  instructor  furnished  information,  answer  the 
following  questions  concerning  the  types,  purposes,  and  principles  of  operation  of  the 
condenser,  evai>orator,  and  receiver. 

1.  Condenser 

a.  Condensers  are  typed  according  to  the  cooling  medium  used.    The  two  major  types 
are    cooled  and    cooled. 

b.  Regardless  of  type  or  design,  the  purpose  of  the  condenser  is   


Briefly  explain  the  principles  of  operation  of  the  condenser. 


.2.  Evaporator 
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a.    The  purpose  of  the  evaporator  is 


b.    The  operating  conditions  (classes)  of  evaporators  are: 


(1) 


(2) 


(3) 


c.     Explain  the  principles  of  operation  of  the  evaporator. 


3. 


Receiver 


a* 


Types  of  receivers  are 


and 


Purpose  of  the  receiver  Is 


of  refrigerant. 


c     What  part  of  the  receiver  maintains  liquid  seal  (allows  only  liquid  refrigerant 
to  go  to  the  liquid  line)? 


Given  the  names  of  three  types  of  compressors,  explain  the  basic  operating 
principles  of  each  with  no  more  than  two  errors.    You  will  be  allowed  approximately  25 
minutes  to  complete  this  objective. 

PROCEDURE 

1.      Reciprocating  Compressor 

a.    What  is  meant  by  reciprocating  motion  in  a  reciprocating  compressor? 


b.     In  your  own  words  explain  the  operating  principles  of  a  reciprocating 


PART  3 


(Day  14) 


OBJECTIVE 


compressor. 


Rotary  Compressor 


a.    Name  the  two  types  rotary  compressors. 


b.     Where  are  the  check  valves  in  a  rotary  compressor? 
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c    Explain  how  compression  takes  place  is  a  rotary  compressor* 


[.      Centrifugal  Compressor 

a*    What  main  advantage  does  a  centrifugal  cc^pressor  have? 


b.    Bzplain  how  compression  takes  place  in  a  centrifugal  compressor. 


PART  4 

(Day  15) 
OBJECTIVE 

Given  six  basic  facts  stating  the  purpose,  use,  and  operating  principle  of  heat 
exchangers  and  oil  separators,  match  the  facts  with  the  unit.    No  more  than  two  errors 
permitted.    You  will  be  allowed  approximately  15  minutes  to  complete  this  objective. 

PROCEDURE 

1.      From  the  following  statements,  indicate  which  one  is  for  heat  exchangers  and  which 
one  is  for  oil  separators. 

  a.     It  reduces  flash  gas  in  the  liquid  line. 

b.    The  purpose  of  this  component  is  to  maintain  a  full  crankcase  of  oil. 

  c.    Must  be  used  when  the  condensor  is  above  the  evaporator. 

  d.    Has  a  counter  flow  method  of  heat  transfer. 

  e.    This  component  increases  the  efficiency  of  a  refrigeration  unit. 

f .     Insulated  to  prevent  refrigerant  from  condensing  during  off  cycle* 
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PART  5 


(Day  15) 
OBJECTIVE 

List  the  steps  required  for  servicing  an  evaporatori  condenseri  and  oil  separator 
with  no  more  than  two  errors.    You  will  be  allowed  approximately  1  hour  to  complete  this 
objective. 

PROCEDURE 

1.      A  refrigerator  is  not  cooling.     It  has  been  determined  that  refrigerant  is  escaping 
fron  the  evaporator*    List  the  steps  required  to  service  this  unit. 


2.      An  air  cooled  condenser  has  been  found  to  be  leaking.     On  initial  inspection  a 

cracked  tube  was  noted  and  bent  fins  were  discovered.  List  the  steps  required  to 
service  this  condenser. 


3.      Troubleshooting  procedures  has  Indicted  a  faulty  oil  separator.     Your  supervisor 
has  instructed  you  to  obtain  a  serviceable  oil  separator  and  install  it  on  the 
unit.     What  steps  must  be  followed  to  service  the  oil  separator  before 
installation. 
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PART  6 
(Day  15) 

Objective 

Given  a  list  of  refrigerant  equipment  accessories  and  a  list  of  basic  facts  lated 
to  them,  match  the  facts  to  the  accessories  with  80%  accuracy.     You  will  be  allowed 
approximately  30  minutes  to  complete  this  objective. 

PROCEDURE 

Match  each  accessory  with  its  related  characteristic. 

(1)  Manifold  gauge  assembly 

(2)  Charging  cylinder 

(3)  Storage  cylinder 

(4)  Dolly 

a.     Used  to  evacuate  system  


b.  Generally  positioned  upside  down 
with  valve  on  bottom 

c.  Used  to  move  heavy  items 

d.  Never  recharge  a  disposable  one 

e.  This  cylinder  carried  by  service 
technician 

f .  Used  to  move  refrigerant 
cylinders 

g.  Refrigerant  transferred  from 
this  cylinder  to  smaller  one 

h.  Used  to  charge  and  discharge 
system 


PART  7 

(Day  15) 
OBJECTIVE 

State  the  types,  purpose,  and  use  of  desiccants  with  no  more  than  two  errors.  You 
will  be  allowed  15  minutes  to  complete  this  objective. 

PROCEDURE 

1.      From  the  most  common  types  dessicants  discussed,  list  three  types. 


a . 
b. 

c* 


2.      What  is  the  purpose  of  dessicants? 


^^3.      Dessicants  are  used  where  in  a  refrigeration  system? 
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3770  Technical  Training  Group  3ABR54530-001-II-6 
Civil  Engineering  Training 
^ppard  Air  Force  Base,  Texas 

BASIC  REFRIGERATION 
PART  1 

(Day  16) 
OBJECTIVE 

Using  a  refrigeration  trainer,  copper  tubing/pipe,  and  common  hand  tools  and 
special  tools  provided,  fabricate  four  refrigerant  lines  and  install  them.     Three  of  the 
four  must  not  have  kinks  or  leaks.     Clean  the  hand  tools  and  replace  thera  in  the  tool 
box.     Only  one  error  in  selection,  use,  and  maintenance  of  tools  allowed.     You  will  be 
allowed  approximately  3  hours  to  complete  this  objective. 

PROCEDURE 

IDENTIFICATION  OF  REFRIGERATION  SYSTEM  COMPONENTS 

1.  Connect  the  trainer  to  the  electrical  power  source.  (INSTRUCTOR) 

2.  Operate  the  trainer.     (INSTRUCTOR  ONLY) 

3.  During  the  operation  of  the  trainer,  feel  of  both  copper  lines  that  are  connected 
to  the  compressor. 


4.  The  warm  line  is  the 

5.  The  cool  line  Is  the 


6.      Feel  the  air  as  it  leaves  the  condenser. 

CAUTION:  DO  NOT  get  your  hand  in  the  fan  or  drive  45elt! 
Where  did  this  heat  come  from  originally? 


8.  Feel  the  air  near  the  evaporator. 

9.  Why  does  this  air  feel  cool? 
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CONNECTING  A  SYSTEM 

1.  Study  the  arrangement  of  the  components  in  Figure  8. 

2.  Place  the  name  of  each  item  in  the  numbered  space  provided. 

3.  Have  the  Instructor  check  your  work. 
STEPS  FOR  INSTALLING  A  MANIFOLD  GAUGE  ASSEMBLY 

1.  Close  both  manifold  valves. 

2.  Remove  the  dust  cover  from  both  compressor  service  valves. 

CAUTION:     Clean  the  area  before  removing  the  dust  covers  and  gauge  port  caps. 

3.  Place  both  compressor  service  vives  in  the  back  seat  position  by  turning  the  valve 
stems  counterclockwise. 

Remove  service  valve  gauge  port  cover  caps. 
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5,  Connect  the  low  side  gauge  line  of  the  manifold  gauge  assembly  to  the  compressor 
suction  service  gauge  port, 

NOTE:     All  flexible  line  connections  should  be  finger-tight  only, 

6.  Connect  the  high  side  gauge  line  of  the  manifold  gauge  assembly  to  the  compressor 
discharge  service  valve  gauge  port, 

?•      Place  both  compressor  service  valves  in  the  gauge  position  (1/2  turn  from  back 
seat) . 

8.  Slightly  open  each  manifold  valve  momentarily  and  then  close  again  to  purge  air  and 
moisture  from  the  flexible  lines  prior  to  operating  the  unit, 

NOTE:     TODAY  YOU  WILL  PURGE  ALL  REFRIGERANT  FROM  THE  SYSTEM  SINCE  YOU  WILL  BC 
IS5I3IBLING  THE  SYSTEM  UNITS  (SEE  PROCEDURE  BELOW), 

9.  Ask  the  Instructor  to  check  completed  steps  then  proceed  with  the  procedure  below, 
ASSEMBLING  SYSTEM  UNITS 

1,      Cut  a  piece  of  tubing  the  correct  size  and  length  to  be  used  as  a  suction  line 
(approximately  4  feet).     What  would  an  undersized  suction  line  cause? 


2,      Remove  the  old  suction  line  and  install  the  new  lire  between  the  suction  service 
valve  and  the  evaporator  outlet,     (Remove  and  reuse  the  same  flare  nuts  if 
condition  is  good), 

CAUTION:     Do  not  over-tighten  the  flare  nuts  as  the  flare  might  be  cut  off. 
What  type  of  flare  nut  must  be  used  at  the  evaporator  outlet? 


3, 


Why? 


Why  is  i^-  necessary  to  always  slant  the  suction  line  down  to  the  compressor? 


4,  Cut  a  piece  of  tubing  the  correct  size  and  length  to  be  used  between  the  receiver 
and  filter  drier, 

5,  Fabricate  and  install  this  line, 

6,  Install  filter  drier, 

7,  Cut  a  piece  of  tubing  the  correct  size  and  length  to  be  used  between  the  filter 
drier  and  sight  glass, 

8,  Fabricate  and  install  this  line, 

9,  Install  a  sight  glass  between  filter  drier  and  evaporator, 

NOTE:     SIGHT  GLASS  SHOULD  BE  EASILY  VIEWED  FROM  THE  FRONT  OF  THE  TRAINER,     THE  DOT 
SHOULD  BE  TO  THE  REAR. 

10,  Fabricate  the  liquid  line  from  the  sight  ^?lass  to  the  inlet  of  the  refrigerant 
control , 

NOTE:     Place  a  loop  in  this  line. 
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11.    Wky  is  this  loop  necessary? 


12.  Have  the  Instructor  check  your  work. 

13.  Clean  common  hand  tools  and  return  to  tool  box.     Return  special  tools  to  shelf  in 
tool  cabinet.     Using  paper  towels  and  a  cleaning  agent,  clean  your  working  area,  i 


PART  2 

(Day  17) 
OBJECTIVE 


in«t«?Mn^  ^^ir  "°d«»ly  selected  items  of  refrigeration  equipment,  list  the  steps  for 
installing  with  no  more  than  two  errors.     You  will  be  allowed  approximately  30  minutes 
to  complete  this  objective.  /^xmaiciy  ou  mxnuTes 

PROCEDURE 

i.      Give  the  procedures  for  installing  a  sight  glass. 


2.      Give  the  procedures  for  installing  a  filter  dryer. 


3.      Give  the  procedures  for  installing  a  receiver. 


4.      Give  the  procedures  for  Installing  a  condenser. 


5.      Give  the  procedures  for  installing  a  compressor, 
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PART  3 


^Oay  17) 


UKCTIVE 

Using  a  refrigerant  trainer «  and  equipment  provided,  locate  and  repair  the 
refrigerant  leaks  with  no  more  than  one  assist  from  the  instructor.     You  will  be  allowed 
approximately  1  1/2  hours  to  complete  this  objective. 

PROCEDURE 

SERVICE  VALVES 

1.      How  many  ports  are  there  on  one  service  valve? 


2.  Name  each  port  that  is  on  a  service  valve. 

a.  b-  c- 

3.  What  are  the  valve  positions  for  service  valves? 


4.      With  the  valve  stem  turned  all  the  way  in,  what  is  the  service  valve  position  set 
in? 


5.      With  the  valve  steam  turned  all  the  way  out,  what  is  the  service  valve  position  set 
in? 


6.      With  the  valve  steam  in  the  mid-way  position  between  open  and  closed,  what  is  the 
service  valve  position  set  in? 


7*      What  is  the  backseated  position  used  for? 


8.      Should  the  service  valve  be  left  in  the  backseated  position? 


9.      What  is  the  valve  position  for  normal  operation? 


PKOCeOUKE 

CHARGING  FOR  LEAK  TEST 

1.  Install  the  manifold  gauge  assembly  (manifold  gauge  valves  should  be  closed, 
service  valves  should  be  back  seated). 

2.  Place  both  compressor  service  valves  in  the  gauge  position.     Why  should  the  service 
valves  be  in  the  gauge  position? 
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Connect  the  middle  port  of  the  manifold  gauge  assembly  to  a  refrigerant  cylinder 
using  a  flexible  charging  line.     How  tight  should  these  connections  be? 


Put  on  safety  goggles «     Why  is  this  step  necessary? 


CAUTION:     Be  sure  that  the  refrigerant  cylinder  is  in  an  upright  position. 
Opeii  the  refrigerant  cylinder  valve  a  minimum  of  1/2  turn. 

Loosen  the  middle  flexible  line  connection  at  the  manifold  gauge  assembly  to  purge 
the  air  out  of  the  line. 

Tighten  the  flexible  line  connection. 

Open  both  manifold  valves  enough  to  let  the  refrigerant  from  the  cylinder  enter  the 
system.  Observe  suction  gauge,  add  refrigerant  until  a  pressure  of  15  to  35  psi  is 
obtained. 

Close  both  manifold  gauge  valves. 
Close  the  refrigerant  cylinder  valve. 
Have  the  Instructor  check  your  work. 

USING  THE  HAL.IDE  LEAK  DETECTOR 
Open  the  needle  valve  slightly  to  start  fuel  gas  flow. 
Ignite  the  gas  at  the  detector  tip. 

Using  the  needle  valve,  adjust  the  flame  to  about  an  inch  above  the  reactor  piate. 

Observe  the  reactor  plate  until  it  becomes  heated  to  a  cherry  red  color. 

Using  the  needle  valve,  readjust  the  flame  to  5/8-inch  above  The  reactor  plate. 

Explore  for  leaks  by  moving  the  end  of  the  search  hose  around  all  Joints  and 
connections. 

NOTE:     The  search  hose  must  be  moved  slowly. 

Observe  the  flame  for  a  possible  color  change.  A  sraali  leak  w\ll  be  indicated  by  ^ 
green  flame.     A  large  leak  will  be  indicated  by  a  purplish-blue  flame. 

CAUTION:     fie  careful  of  any  phosgene  gas  that  may  develop. 

Have  the  Instructor  check  your  work. 
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SERVICh;  VALVES  AND  MGA  VALVE  POSITIONS 


1.  Charge  for  leak  check  

2.  Evacuate  system  

3.  Charge  for  operation  

4.  Nonaal  operation  

5.  Pump  down  system  

6.  Oil  check  

7.  Suction  valve  check  

8.  Discharge  valve  check  

9.  Operational  shaft  seal  check  

10.  Equalizing  shaft  seal  

Using  compressor  for  evacuation- 


SV 

MGA 

KV 

REMARKS 

LOW 

HIGH 

LOW 

HIGH 

Checked  by: 
PART  4 


Instructor 


(Day  17) 
OBJECTIVE 

Using  a  simple  refrigeration  trainer  and  tools  providea,  purge,  evacuate,  charge, 
apd  pump  down  the  system  with  no  more  than  two  assists  frora  the  instructor.     You  will  be 
allowed  approximately  1  hour  to  complete  this  objective. 

PROCEDURE 

EVACUATING  PROCEDURES 
Install  the  manifold  gauge  assembly. 
Purge  any  refrigerant  pressure  from  system. 
Plug  in  the  vacuum  pump  to  a  llOV  outlet. 


Remove  the  dust  covers  from  BOTH  the  vacuum  and  exhaust  fittings  then  connect  the 
center  flexible  line  to  the  vacuum  pump. 

CAUTION:     Be  sure  to  crmnect  the  hose  to  the  correct  fitting  (vacuum)  or  the  vacuum 
pump  may  be  damasked  * 

Position  the  mt'nifold  gauge  valves,  service  valves,  and  king  valve  for  evacuation 
(service  valves  gauged,  king  valve  open,  hand  valves  open). 
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6.  To  start  the  vacuum  pump,  turn  the  start  switch  to  the  start  position  and  then 
release.    The  switch  will  return  to  the  run  position. 

CAUTION:     IF  THIS  IS  NOT  DONE  CORRECTLY,  DAMAGE  TO  THE  PUMP  COULD  RESULT. 

7.  Operate  the  vac ;!ura  pump  until  approximately  28"  of  mercury  shows  on  the  low  side 
gauge . 

8.  Close  both  manifold  gauge  valves,  then  stop  the  vacu'im  pump. 

NOTE:     If  system  has  a  leak,  the  vacuum  will  not  hold  when  the  valves  are  closed. 
If  the  system  has  a  leak,  repair  it  and  repeat  steps  3,  4,  5,  6,  and  7. 

9.  Have  the  Instructor  check  your  work. 

CHARGING  A  SYSTEM  FOR  OPERATION 

Preoperational  Check 

1.  Insure  that  trainer  is  unplugged. 

2.  Check  for  loose  or  frayed  electrical  wiring. 

3.  Check  for  loose  or  broken  refrigeration  lines. 

4.  Check  pressure  setting  on  high  pressure  control  to  ensure  that  it  is  not  set  above 
200  psi. 

Operational  Check 

1.  Wear  protective  goggles. 

2.  Insure  that  both  compressor  service  valves  are  in  the  gauge  position. 

3.  Insure  that  the  king  valve  is  in  the  open  position. 

4.  Plug  trainer  into  the  liO-volt  outlet. 

5.  Insure  tools  are  not  in  a  position  to  fall  into  the  condenser  lan  and  compressor 
flywheel  while  trainer  is  in  operation. 

6.  Connect  a  refrigerant  cylinder  to  the  center  flexible  Iin<5  of  the  manifold  gauce 
assembly. 

7.  Opeii  cylinder  valve  1/2  turn. 

8.  Purge  the  air  from  the  charging  line  at  the  center  port  of  the  manifold  gauge 
as^?mbly . 

9.  Slightly  open  the  low  side  manifold  gauge  assembly. 

10.  Start  the  compressor. 

11.  Adjust  the  low  side  manifold  gauge  valve  to  maintain  appi-oximately  40  psig  on  the 
compound  gauge. 

12.  Observe  the  sight  glass.     What  condition  is  indicated  by  bubbles  in  the  sieht 
glass? 


CAUTION:     DO  NOT  LEAVE  YOUR  TRAINER  WHILE  YOU  ARE  CHARGING. 

ir).     As  soon  as  babbles  in  the  sight  glass  disappear,  close  the  low  side  manifold  gauge 
valve  to  stop  the  charging  process. 

1'^-     liet  the  relrigeration  system  operate  for  several  minutes. 

NOTE:     If  bubbles  do  not  reappear,  the  unit  is  fully  charged. 
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Post  Operational  Checx 

_i.      Close  the  refrigerant  cylinder  valve. 

Remove  the  charging  line  from  the  refrigerant  cylinder. 

3.  Hemove  your  safety  goggles. 

4.  Have  Instructor  check  your  work. 

PUMP  DOWN 

1.      Position  all  of  valves  for  system  pump  down: 

a.  Compressor  discharge  service  valve   

b.  Compressor  suction  service  valve   

c.  Receiver  valve  (king  valve)   

d.  High  side  inanifold  v£.lve   

e.  Low  side  manifold  valve   


Operate  the  system  until  the  ccmpouad  gauge  reading  remains  between  1  to  5  psig. 
The  system  is  then  pumped  down. 

NOTE;    System  may  have  to  be  started  and  stopped  a  number  of  times  before  pressure 
remains  1-5  psig. 

Shutdown  procedures: 

a.  Turn  off  system. 

b.  Unplug  traiaer  from  110-volt  power  supply. 

c.  Back  seat  compressor  service  valves. 

d.  Purge  B.nd  remove  the  manifold  gauge  assembly. 

e.  Install  dust  covers  and  port  caps. 

f.  Clean  unit. 

Have  Instructor  check  your  work. 
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3770  Technical  Training  Group  3ABR54530-001-II-7 
Civil  Engineering  Training 
Sheppard  Air  Force  Base,  Texas 


COMPRESSOR  CHECKS  AND  TROUBLii  ANALYSIS 
Pa:^"'  1 

(Day  18) 
OBJECTIVE 

Given  the  information,  li«t  the  steps  required  to  replace  four  randomly  selected 
parts  of  a  compressor  with  no  more  than  two  errors.     You  will  be  allowed  approximately 
1  hour  to  complete  this  objective. 

PROCEDURE 

List  replacement  steps  for  four  of  the  following  listed    compressor  parts  as 
indicated  to  you  by  your  instructor  (randomly  Sfixected). 

1.      List  the  steps  required  to  replace  the  valves  of  a  compressor- 


2.      List  the  steps  required  to  replace  a  piston  on  a  compressor. 


3.      List  the  steps  required  to  replace  the  connecting  rod  of  a  compressor. 


4.      List  the  steps  required  to  replace  a  crankshaft  on  a  compressor. 


5.      List  the  steps  required  to  replace  the  head  on  a  compressor. 
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List 

the 

steps 

required 

to 

replace  the 

service  valves 

on  a  compressor. 

List 

the 

steps 

required 

to 

replace  the 

wrist  piD  on  a 

compressor. 

List 

the 

steps 

required 

to 

replace  the 

shaft  seals  on 

a  compressor. 

PAHT  2 

(Day  19) 
OBJECTIVE 

Given  a  small  compressor  and  common  hand  tools,  remove  the  compressor  head  and 
inspect  and  replace  the  valves  with  assistance  from  the  instructor.     You  will  be  allowed 
approximately  30  minutes  to  complete  this  objective. 

PROCEDURE 

DISASSEMBLING  A  COMPRESSOR 

1.  Place  the  compressor  in  an  upright  position  and  remove  the  ten  compressor  head 
retaining  bolts. 

2.  Remove  the  compressor  head  by  tapping  it  lightly  with  a  mallet. 

3.  Remove  the  valve  plate  and  suction  strainer. 

4.  Remove  the  suction  valves. 
REASSEMBLY  OF  COMPRESSOR 

1.  Lay  out  all  parts  that  have  been  removed. 

2.  Inspect  each  item  for  evidence  of  wear,  cracks,  rough  handling,  etc. 

3.  Have  the  Instructor  check  each  questionable  item. 

4.  Discard  rejected  parts  and  procure  new  replacements  as  required. 

5.  Replace  suction  valves. 
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Replace  valve  plate. 

CAUTION;     Exercise  extreme  care  when  replacing  the  valves  and  valve  plate  on 
compressor. 

NOT£:  Hold  the  valve  plate  and  line  up  the  valve  pins  on  compressor  body  with  the 
holes  in  the  valve  plate.  After  getting  everything  lined  up,  tap  the  valve 
plate  lightly  with  a  mallet. 

7.  Replace  compressor  head. 

8.  Replace  the  ten  compressor  head  bolts. 
CAUTION:     Do  not  over-tighten. 

9.  Have  Instructor  check  your  work. 

PART  3 

(Day  19) 
OBJECTIVE 

I,  Given  the  oil  and  equipment  required,  service  the  compressor  on  a  refrigeration 
trainer  with  instructor  assistance.  You  will  be  allowed  approximately  30  minutes  tc 
complete  this  objective. 

PROCEDURE 

COMPRESSOR  OIL  LEVEL  CHECK 

1.  Install  manifold  gauge  assembly. 

2.  Position  all  valves  for  normal  operation. 
Purge  air  from  the  mp.nifold  gp.uge  assembly  and  flexible  lines. 

4.  Operate  the  compressor  until  the  compressor  body  is  warm  or  until  the  refrigerant 
has  been  removed  from  the  oil* 

5.  Turn  off  the  compressor. 

6.  Front  seat  the  suction  service  valve. 

7.  Pump  the  compressor  crankcase  down  to  between  1  to  5  psig,  compound  pressure  ^auge. 
CAUTION:     GOGGLES  SHOULD  BE  WORN  FOR  THE  NEXT  STEP! 

B«      Remove  the  oil  plug  slowly. 

9.  Check  the  oil  level  in  the  compressor  with  a  clean  dip  stick.     Satisfactory  oil 
level  should  range  between  1  1/2  to  2  1/2  in  depth  of  the  dip  stick. 

NOTE:     In  the  field  refer  to  manufacturer's  or  Air  Force's  technical  manuals. 

10.  Add  oil  only  if  necessary* 

NOTE:     Do  not  add  excessive  oil  to  compressor.     Excess  oil  will  cause  the 
compressor  to  pump  oil  and  reduce  compressor  efficiency. 

11.  Replace  oil  plug  loosely  in  the  compressor. 

12.  Crack  the  compressor  suction  service  valve  momentarily  from  the  front  seat  positon 
to  purge  air  from  the  compressor  crankcase. 

L3.     Tighten  the  oil  plug.     Use  3/4"  box-end  wrench. 
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14.     Keturii  the  'compressor  suction  service  valve  to  the  gau^e  position. 


15. 


Clean  up  your  work  area  of  any  spilled  oil. 


lii. 


Have  the  Instructor  chrck  your  work. 


PART  4 


(Day  19) 


OBJECTIVE 


Using  a  refrigeration  trainer,  perform  a  preoperational  check,  position  the  king 
and  service  valves,  and  operate  the  system,  using  the  MGA  to  confirm  normal  operation 
with  instructor  assistance.  You  will  be  allowed  approximately  30  minutes  to  complete 
this  objective. 


1.  Record  position  of  all  valves  for  normal  operation: 

a.  Compressor  discharge  service  valve 

b.  Compressor  suction  service  valve 
c     Receiver  valve  (king  valve) 

d.  Low  side  manifold  valve 

e.  High  side  manifold  valve   

2.  Install  the  manifold  gauge  assembly. 

3.  Operate  the  system  until  pressures  and  temperatures  stabilize  before  proceeding  to 
the  next  step. 

4.  Compute  system  head  pressure. 

a.     Ambient  air  temperature  is  **F. 
b*     Head  pressure  should  be  pslg* 
c«     Head  pressure  is  psig. 

d.     Is  this  pressure  normal  at  this  ambient  temperature? 

5.  Note  sight  glass  for  refrigerant  charge. 
Sight  glass  indicates  the  system  is   

6.  Place  thermometer  on  evaporator  surface.     Wait  until  temperature  stabilizes. 
Compare  convert^sd  thermometer  reading  with  low  side  gauge. 

a.  Reading  on  thermometer  is    'F. 

b.  Reading  on  compound  gauge  is    psig.     Cover ted  temperature 


c.     If  thermometer  reading  is  different  from  the  low  side  gauge,   indication  of  what 
it  should  be,  what  is  possible  trouble? 


Check  the  ambient  air  temperature  at  the  inlet  of  the  condenser  with  a  thermometer. 


OPERATIONAL  CHECK 


reading  for  this  psig  is 


Temperature  reading  is 
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CAUTION:     DO  NOT  TOUCH  CONDENSER  FAN  BLADE  WITH  THERMOMETER  OR  HAND! 

Check  the  ambient  air  temperature  a  the  outlet  of  the  condenser  with  a 
thermometer. 

Temperature  reading  is   


9.       Is  the  condenser  transferring  heat  to  the  cooling  medium? 


Give  reason: 


10.  Check  the  condition  of  the  condenser. 

a.     Are  the  fins  straight?  

b-     Is  the  surface  clean?  .  

c.  Check  security  of  mounting. 

Results:  ^  ^_  

d.  Check  tor  restricted  air  flow. 

Results:  

11.  Remove  manifold  gauge  assembly. 

12.  Have  the  Instructor  check  your  work. 

PART  5 

€|Day  19) 

OBJECTIVE 

Using  a  refrigeration  trainer,  inspect  the  operation  of  the  refrigeration 
components  and  accessories  and  the  compressor  for  proper  operation  and  rotation  with 
instructor  assistance •     You  will  be  allowed  approximately  3  hours  for  completion  of  this 
objective. 

PROCEDURES 

A.     SUCTION  VALVE  CHECK 

Install  the  manifold  gauge  assembly. 
Place  all  valves  in  the  normal  operation  position. 
Purge  air  from  manifold  gauge  assembly  and  flexible  lines. 

Operate  the  unit  until  the  compressor  body  feels  warm  to  the  hand  or  until  the 
refrigerant  has  been  removed  from  the  oil. 

Front  seat  the  suction  service  valve. 

Operate  the  system  until  the  compressor  pulls  down  to  a  20"  Hg  vacuum. 

Record  the  suction  pressure  reading.   

If  the  compressor  will  not  pull  a  minimum  of  20"  Hg,  the  suction  valves  are 
probably  bad. 


1. 
2. 
3. 
4. 

5. 
6. 
7. 
8. 
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9.     During  normal  operation,  what  would  Indicate  a  leaky  suction  valve? 


10*     Return  the  suction  service  valve  to  the  gauge  position, 
11.     Stop  the  compressor. 
DISCHARGE  VALVE  CHECK 
1*     Be  sure  the  compressor  Is  NOT  operating. 

2.  With  the  manifold  gauge  Installed,  front  seat  the  discharge  service  valve  and 
gauge  the  suction  service  valve. 

CAUTION:     EXCESS  I VR  HEAD  PRESSURE  CAN  BLOW  THE  COMPRESSOR  HEAD  OFF  IF  THK  HIGH 
PRESSURE  SAFETY  SWITCH  FAILS! 

3.  Operate  the  compressor  intermittently  (ON  and  OFF)  until  a  minimum  of  150  psig 
pressure  is  indicated  on  the  high  pressure  gauge. 

4.  Watch  the  high  pressure  gauge  indicator  needle  closely.     A  rapid  drop  in 
pressure  down  to  and  below  normal  operational  head  pressure  indicates  a  leaky 
discharge  valve.     A  moderate  drop  in  pressure  with  the  needle  stopping  at 
normal  operational  head  pressure  indicates  a  good  discharge  valve. 

5.  Record  your  observation: 


6.     Your  observation  in  step  5  indicates  a    discharge  valve. 

?•     Return  the  discharge  service  valve  to  the  gauge  position. 
8.     Have  the  Instructor  check  your  work. 
COMPRESSOR  SHAFT  SEAL  CHECKS 
1.     OPERATIONAL  C^ISCK 

a.  Install  the  manifold  gauge  assembly. 

b.  Position  all  valves  for  normal  operation. 

c.  Operate  the  system  for  a  minimum  of  five  minutes. 

d.  Check  the  shaft  seal  with  a  Hallde  leak  detector  while  the  compressor 
operates. 

CAUTION:     BE  CAREFUL  OF  ALL  MOVING  PARTS! 

e.  Watch  color  of  flame  for  any  change: 

(a)  Green  —  small  leak. 

(b)  Purplisn-blue  —  large  leak. 
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f.     Record  your  observation: 


2.     EQUALIZED  PRESSURE  CHECK 

a.  Turn  off  the  compressor. 

b.  Remove  the  center  flexible  line  from  the  manifold  gauge  assembly. 

c.  Cap  the  center  port  of  the  manifold  gauge  assembly  with  a  compressor 
service  valve  gauge  port  cap-     Leave  this  cap  loose  for  purging. 

d.  Open  the  high  side  manifold  gauge  assembly  valve  momemtarily  to  purge  air 
from  the  manifold  gauge  assembly. 

e.  Tighten  the  cap  on  the  manifold  gauge  assembly. 

f.  Slightly  open  both  manifold  gauge  assembly  valves  to  bypass  pressure  from 
high  to  low  side  of  the  system. 

g.  Note  pressure  readings  on  the  compound  and  high  pressure  gauges.  Both 
gauges  should  read  equal  pressure. 

h.  Check  the  shaft  seal  with  a  Halide  leak  detector  when  pressures  have 
equal ized. 

i.  Record  your  observations: 


J.     Close  both  manifold  gauge  assembly  valves. 

k.     Carefully  remove  cap  from  the  center  manifold  gauge  assembly  port  and 
install  center  flexible  line  in  its  place. 

1.     Have  the  Instructor  check  your  work. 

INSPECTION  OF  REFRIGERATION  ACCESSORIES 

1.  Install  the  MGA. 

2.  Operate  unit  until  pressures  stabilize. 

3.  Check  accessories  for  proper  operation:     sight  glass,  filter  drier, 
accumulator. 

4.  Check  high  pressure  safety  switch  for  proper  setting. 


5.  Shutdown  procedures: 

(a)  Turn  off  system. 

(b)  Unplug  trainer  from  110-volt  power  supply. 

(c)  Back  seat  compressor  service  valves. 

(d)  Purge  and  remove  the  manifold  gauge  assembly. 

(e)  Install  port  caps. 

(f)  Place  service  valves  in  gauge  position. 

(g)  Install  dust  covers. 

(h)  Clean  unit. 

6.  Have  Instructor  check  your  work. 

PART  6 

(Day  20} 
OBJECTIVE 

Using  a  refrigeration  trainer,  troubleshoot  the  system  and  perform  equipment 
maintenance  with  instructor  assistance.     You  will  be  allowed  approximately  4  hours  to 
complete  this  objective. 

PROCEDURE 

1.  Install  manifold  gauge  assembly. 

2.  Operate  system  until  temperatures  and  pressures  stabilize. 

3.  Check  system  for  normal  operation. 

NOTE:     Correct  any  malfunction  before  proceeding. 

4.  Inform  your  Instructor  when  system  is  operating  normally. 

5.  You  will  be  '^iven  a  project  to  do  while  a  malfunction  is  placed  in  your  system 

6.  Operate  system  noting  any  abnormal  readings.     Troubleshoot  your  system  until 
suspected  malfunction  is  located. 

a.  Suspected  malfunction   

b.  Equipment  maintenance  to  correct  malfunction* 


7.  Check  with  Instructor.     Perform  maintenance  as  directed. 

8.  Remove  MGA. 

9.  Shut  down  equipment. 
10.  Clean  unit. 
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METERING  DEVICES 

OBJECTIVE 

This  Study  Guide/Workbook  will  acquaint  you  with: 

°  The  operating  principle  of  capillary  tubes,  automatic  and  thermostatic  expansion 
valves »  and  special  mr/tering  devices. 

°  The  procedures  for  removing,  replacing  and  adjusting  expansion  valves. 
INTRODUCTION 

This  Study  Guide/Workbook  will  prepare  you  for  the  indicated  days  of  instruction-  You 
must  complete  the  assignments  and  be  prepared  for  evaluation  at  the  beginning  of  each  day. 

DIRECTED  STUDY  AND  HOMEWORK 

Assignment  in  preparation  for  day  21: 

I    Metering  Devices 

Head  the  following  paragraphs  and  answer  the  questions  aboirt  them. 

Any  device  used  to  control  the  amount  of  liquid  refrigerant  to  the  evaporator  is 
called  a  refrigerant  control  or  metering  device. 

Refrigerant  controls  are  manufactured  in  two  basic  types. 

^  Pressure  operated 

°  Temperature  operated 

Capillary  tubes »  metering  orifices  and  automatic  expansion  valves  are  examples  of 
pressure  operated  metering  devices. 

Thermostatic  expansion  valves  are  temperature  operated  meterinr  devices. 

°  What  are  the  two  types  or  classifications  of  refrigerant  controls? 

 and  


A.    Pressure  operated  refrigerant  controls 

1.    Capillary  tubes 

Capillary  tubes  are  primarily  used  in  domestic  refrigeration,  central  A/C 
and  heat  pumps.    This  type  of  control  is  simple,  economical,  and  allows  the 
use  of  a  low  starting  torque  motor.    One  end  of  the  capillary  tube  is 
attached  to  the  bottom  of  the  condenser.    You  may  find  a  strainer  installed 
between  the  condenser  and  capillary  tube.    The  capillary  tube  is  soldered 
to  the  suction  line  to  act  as  a  heat  exchanger  and  gives  the  capillary  tube 
added  strength,  and  terminates  in  an  expansion  chamber  at  the  top  of  the 
evaporator. 


°  Capillary  tubes  are  primarily  used  in 

 and 


°  Capillary  tubes  are  soldered  to  the  suction  line  for  two  reasons.  What 
are  they?  — 


and 
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PRINCIPLE  OF  OPERATION  OF  CAPILLARY  TUBE,     Liquid  refrigerant  with  a  pressure  of  120 
to  140  psi  and  a  temperature  of  90  to  120  F  enters  the  capillary  tube.     (Pressures  and 
temperatures  are  approximations.)    As  the  liquid  travels  through  the  capillary  tube,  its 
pressure  is  reduced  by  the  resistance  of  the  tubing.    At  the  same  time,  its  temperature 
is  being  reduced  by  the  cold  suction  line.    These  two  forces  continue    to  act  on  the 
liquid  refrigerant  as  it  proceeds  through  the  capillary  tube.    However,  the  pressure  is 
reduced  ( r^omparatively )  faster  than  the  temperature.    At  some  point  (usually  within  the 
last  1/3  of  the  tube)  the  pressure  of  the  liquid  refrigerant  is  reduced  below  its  boiling 
point.    Some  of  the  liquid  refrigerant  "flashes'*  or  boils.     The  vapor  occupies  more  space 
than  the  liquid  so  the  resistance  to  flow  is  increased.    The  temperature  of  the  refriger- 
ant is  decreased  by  both  the  flashing  of  liquid  and  by  the  action  of  the  cold  suction 
line.     The  point  whero  the  flashing  first  occurs  to  the  end  of  the  capillary  tulio  is 
known  as  a  "vapor  lock  or  bubble  point." 

All  capillary  tubes  l^ave  a  vapor  lock.    The  length  of  the  vapor  lock  depends  on  a 
combination  of  the  fol looting  factors. 

*  Condensing  temperature. 

*  Condensing  pressure. 

*  Amount  of  subcooling  of  the  liquid  in  the  condenser. 

*  Temperature  of  the  suction  line. 

*  Pressure  difference  between  the  low  and  high  side. 

*  The  length  and  diameter  of  the  capillary  tube. 

^  In  your  own  words,  explain  the  operation  of  a  capillary  tube.   


Read  the  following  paragraphs  from  the  "Modern  Refrigeration  and  Air  Conditioning" 
textbook  and  answer  the  questions. 

Read  paragraph  4-18. 

^What  is  the  advantage  of  using  a  capillary  tube  that  is  longer  and  larger  in 
diameter? 


Read  paragraph  5-26. 

°  The  design  of  a  capillary  tube  depends  on  the  following  four  variables. 


WhRt  kind  of  r  motor  control  must  be  used  with  a  capillary  tube? 


A  capillary  tube  acts  as  a  constant   

on  the  refrigerant. 

^  What  is  the  purpose  of  the  filter-drier  at  the  inlet  of  the  capillary  tube? 
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What  is  an  indication  of  an  overcharge  in  a  capillary  tube  system? 


What  a,re  the  Huvantages  of  a  capillary  tube  system? 


Read  the  following  and  answer  the  questions. 
2.     Metering  Orifices 

Special  metering  devices  are  usually  designed  by  a  specific  company  for  their 
own  equipment,  and  they  may  not  be  able  to  be  interchanged  with  other  brands 
of  equipment. 

One  of  the  most  popular  types  is  known  as  an  accurater. 

There  are  two  types  of  accuraters,  a  stationary  type    and  a  bypass  type. 
These  are  roost  common  in  heat  pumps  and  some  air  cond'tioning  applications. 
These  have  roost  of  the  advantages  of  the  capillary  tube  without  the  danger 
of  the  tube  breaking.    The  accurater  is  located  in  the  liquid  line  and  it 
normally  looks  like  a  flare  fitting  with  a  small  metering  orifice  in  the 
center. 

^  What  are  the  two  types  of  accuraters? 
  ard 


Where  is  the  accurater  located? 


o 


o 


What  are 

accuraters  normally 

used 

on? 

Describe 

what  the  accuraters 

look 

like. 

3.     Automatic  Expansion  Valves  (AEV) 


Automatic  Expansion  Valves  are  commonly  referred  to  as  constant  pressure 
valves  due  to  the  fact  that  they  are  designed  to  maintain  a  constant  evapor- 
ator pressure  while  the  unit  is  operating.    One  of  the  advantages  is  that 
the  valve  closes  on  the  OFF  cycle.    This  vaTve  is  used  on  systems  that  have 
a  fairly  constant  heat  load. 

Read  the  following  paragraphs  in  the  "Modern  Refrigeration  and  Air  Conditioning" 
textbook  and  answer  the  questions. 

Read  paragraph  3-7. 

°  When  does  liquid  refrigerant  flow  through  the  automatic  expansion  valve? 


What  stops  this  system  when  the  proper  temperature  in  the  refrigerated  space  is 
obtained? 


What  would  be  wrong  with  the  automatic  expansion  valve  if  the  suction  line  fros 
when  the  unit  was  started? 


Read  paragraph  4-i9 
o 


What  controls  the  rate  of  flow  through  an  automatic  expansion  valve? 


o 

What  will  be  the  results  of  turning  the  adjusting  screw  clockwise  on  an  automatic 
expansion  valve? 


^  How  does  the  amount  of  refrigerant  in  the  system  effect  the  operation  of  the  auto- 
matic expansion  vavle? 


o 

Explain  in  your  own  words  how  an  automatic  expansion  valve  contmis  the  refrigerant 
flow.  ^ 


B.    Temperature  Operated  Refrigerant  Controls 
1.    Thermostatic  Expansion  Valves  (TEV) 

The  TEV  is  a  metering  device  that  is  truly  fully  automatic •     It  has  all  the 
desired  operating  qualities  required  ta  >:uake  the  evaporator  functional •  It 
maintains  a  fully  active  evaporator  under  all  heat  load  conditions  by  striving 
to  maintain  a  constant  degree  of  superheat.    The  power  element  insures  that 
the  valve  opens  and  closes,  metering  the  correct  amount  of  liquid  refrigerant 
to  the  evaporator  as  the  heat  load  changes.    The  power  element  is  actually 
sensing  the  superheat  and  responds  to  its  changes  in  temperature •    The  TEVEE 
is  a  TEV  that  is  designed  to  operate  on  large  evaporator  systems  that  have 
excessive  pressure  drops  across  them.    This  valve  senses  the  evaporator  out- 
let pressure  and  automatically  corrects  itself  for  the  pressure  drop  on  the 
evaporator.     This  causes  more  refrigerant  to  flow  through  the  valve  to  compen- 
sate for  the  pressure  drop.    Without  the  external  equalizer,  the  valve  would 
operate  the  system  in  a  starved  condition. 

To  troubleshoot  a  TEV  or  TEVEE,  system  suction  pressure  (heat  load)  and  super- 
heat are  calculated.     Adjusting  the  valve  is  the  last  thing  one  should  do  as 
malfunctions  are  rarely  caused  by  the  valve  being  out  of  adjustment •  The 
TEVs  are  found  on  most  applications  of  mechanical-type  refrigeration  due  to 
its  reliability  and  operation. 

o 

What  insures  that  a  TEV  opens  and  closes?  


^  What  is  the  purpose  of  the  TEV? 


^  What  is  a  thermostatic  expansion  valve  externally  equalized  (TEVEE)? 
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Read  the  following  paragraphs  in  the  ''Modern  Refrigeration  and  Air  Conditioning" 
textbook  and  answer  the  questions. 

Read  paragraph  3-8. 

°  What  controls  the  operation  of  a  TEV?  

^  What  governs  the  amount  a  TEV  will  open?   


What  happens  in  the  system  when  the  evaporator  reaches  the  desired  temperature? 


Read  paragraph  4-20. 

^  Where  is  the  TEV  sensing  bulb  located? 


What  happens  as  the  evaporator  becomes  colder? 
°  Where  is  the  TEV  located  in  the  system?   


Read  paragraph  5-10 

°  Superheat  refers  to  the  difference  in  temperature  between  the   

and  the  . 

^  What  is  the  result  of  increasing  superheat? 

A  tendency  to   

C.    Special  Metering  Devices 

Other  types  of  special  metering  devices  are  known  as  high  side  and  low  side 
floats.    These  are  used  on  flooded  evaporator  systems  and  are  used  with  centrifu- 
gal compression  systems. 

Read  the  following  paragraphs  in  the  "Modern  Refrigeration  and  Air  Conditioning" 
textbook  and  answer  the  questions. 

Read  paragraphs  5-24  and  5-25. 

^  What  is  the  purpose  of  a  low  side  float?   


°  What  is  the  possible  disadvantage  of  the  low  side  float?   

°  With  a  high  side  float  where  is  the  liquid  refrigerant  stored? 


Homework  to  prepare  for  day  21. 
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textSo^^"Ie'?i^rref  irAllTs  a^Ta^^e~.;L'1f%^^^L°"  Conditioning.. 
Read  paragraphs  5-1  through  5-18.  5-2^  through  5-23.  11-51  through  11-53.  and  11-63 
stop:     you  have  completed  the  assignment  in  preparation  for  day  21. 
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Assignment  in  preparation  for  Day  22. 

1.     Usinp  the  system  below  and  P.T.  chart  along  with  notes,  answer  questions  below. 


The  AEV  is  designed  to  maintain  a  constant 
under  all  load  conditions. 


Ti\^?u"^.iM  liquid  refrigerant  boils  off.     Which  direction 

will  the  'V    point  move  on  an  increase  of  heat  load? 

nA<^«*A««o^     ^  *     ft.  ^  ^  A.      «  %r\ 


Decrease  of  heat  load? 


Determine  the  AEV  setting  for  the  following  temperatures.  (Remember  10°  T.D.) 


(1)  45°   psi 

(2)  43°  .   PSI 

(3)  20°    PSI 

(4)  35°  PSI 

(5)  28°  PSI 


If  the  system,  using  an  AEV,  cycles  OFF  on  temperature,  what  does  the  valve  do? 


Why? 
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List  some  examples  of  the  ty^^ei  of  systems  that  an  AEV  would  be  good  oh. 


2.     Using  the  diagram  above  and  notes,  answer  the  following  quest^oaE. 
a.     The  tecnperature  difference  between  "V"  and  "C"  point  is  known  as 


^'     at  this^iS??^''^^^''''®  ''''^^^^  evaporator.    What  is  the  temperature 


Are  the  temperatures  the  same? 


Why? 


c.    What  would  the  problem  be  if  the  temperature  were  the  same? 


n«^«i:ir!^i5^«o\*''®4^^f  "®^®ss"y  steps  to  remove,  replace,  and  adjust  the  TEV. 
paragraph  14-63  to  aid  in  answering  questions. 

Removal 

1.  Observe  all  possible  safety  precautions. 

2.  Pump  down  the  unit  1-5  psi  by  cooling  king  valve. 

3.  Close  evaporator  hand  valves  to  isolate  evaporator. 


Read 


EKLC 


1-8 


34 


4.  Remove  the  old  expansion  valve  using  a  proper  backup  wrench  to  prevent  twisting  of 
the  tubing. 

5.  Loosen  sensing  bulb  clamp  on  outlet  of  evaporator  and  remove  bulb. 
Questions 

1.     Wher:  you  pump  down  a  system,  what  valve  must  be  closed? 


2.    What  Is  the  purpose  of  closing  the  evaporator  hand  valves? 


3.     Why  must  you  use  a  backup  wrench  when  removing  an  expansion  valve? 


Replacement  and  Installation 

Read  paragraph  14-66  and  answer  the  following  questions. 

NOTE:     Sensing  bulbs  are  installed  with  a  metal  clamp  using  the  following  rules: 
Lines  under  7/8"  -  12:00  position 
Lines  7/8'^  to  2  1/8"  -  4:00  or  8:00 
Lines  2  1/8"  and  up  -  in  a  well 

Vertical  position  have  the  capillary  tube  facing  up. 
Evacuate  open  lines. 

Questions 

1.    After  the  expansion  valve  is  mounted,  what  lines  are  evacuated? 


2.    On  multiple  systems,  dry  evaporators  using  expansion  valves  should  have  what  acces- 
sories installed  in  liquid  and  suction  line?   


Why? 


3.     After  installing  a  TEV  with  a  flare  fitting,  what  must  be  done  to  the  fitting  itself? 


Why? 


•1.     Any  place  that 'Trostin^' occurs ,  what  kind  of  flare  nuts  should  you  use? 
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What  is  the  best  type  of  connection  in  the  interior  cabinet  in  a  refrigeration 
system? 


What  are  the  proper  positions  of  a  sensing  bulb  on  a  horizontal  suction  line  for  iho 
given  diameters? 

a.  3/8"  

b.  2  1/4"   

c.  1  5/8"   

d.  7/8"   

e.  6"  

Where  is  the  proper  sensing  bulb  location  on  a  vertical  run  suction  line? 


STOP I     YOU  HAVE  COMPLETED  THE  DIRECTED  STUDY  TO  BE  COBO>LETED  PRIOR  TO  DAY  22. 
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MOTOR  CONTROLS 

Assignment  in  Preparation  tor  Day  23 

Adjustment  and  Calibration  of  Motor  and  Safety  Controls 

A.  Using  the  ''Dictionary  of  Technical  Terms''  in  chapter  30  in  the  "Modern 
Refrigeration  and  Air  Conditioning*'  textbook,  define  the  following  terms. 

1.     Cut-in  (CI)   


2.     Cut-out  (CO) 


3.     Differential  (D) 


4.     Average  Temperature  CAT) 


B.  Read  paragraph  12-38  in  the  "Modern  Refrigeration  and  Air  Conditioning"  textbook 
and  answer  the  following  questions. 

1.     The  cut-out  pressure  should  be  set  about  how  many  degrees  lower  than  the 
desired  evaporator  outside  surface  temperature? 


2.     The  cut-in  pressure  should  be  about  the  same  as  what  allowable  evaporator 
temperature. 


3.     What  is  the  common  pressure  difference  between  cut-in  and  cut-out  point  on  a 
R12  system? 


C.     Read  the  following  paragraph  and  paragraph  12-40  in  the  "Modern  Refrigeration  and 
Air  Conditioning  "  textbook  and  answer  the  following  questions. 

Sometimes  motor  controls  are  used  to  protect  refrigeration  systems  Cprimarily 
the  compressor  motor)  from  operating  under  hazardous  conditions.    One  of  these 
safety  controls  is  the  High  Pressure  Safety  Switch  (HPSSW).     The  contacts  of  this 
control  are  set  to  operate  20%  above  Normal  Operating  Pressure  (NOP).  Normal 
operating  pressure  for  a  HPSSW  can  be  determined  by  adding  the  summer  design 
temperature  (sometimes  called  average  hot  season  temperature)  to  the  condensing 
factor.     A  rule  of  thumb  for  determining  condensing  factors  are  as  follows: 
Natural  Convection  Air  Cooled  «  35  F,  Forced  Convection  Air  Cooled  =  ?»0  F,  and 
Water  Cooled 25  F.    Using  a  pressure  temperature  chart,  convert  the  total  of 
these  temperatures  to  pressure  for  the  refrigerant  used  in  the  system.    To  com- 
pute pressure  settings  for  a  HPSSW,  the  following  formulas  may  be  used: 

CI  OR  NOP  =  Sm^R  Design  Temperature  +  Condensing  Factor  Converted  to  Pressure 

CO  =  NOP  X  1.20     (CO  on  the  HPSSW  is  20%  above  NOP.) 
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D. 


Where  is  the  high  pressure  safety  switch  connected  on  a  system? 


2.    What  is  the  purpose  of  the  HPSSW? 


How  is  the  normal  operating  pressure  for  a  HPSSW  determined? 


4.    How  is  the  maximum  operating  pressure  for  a  HPSSW  determined? 


?hTfo??oi?ig°qieftCs^"''''  pertaining  to  condenser  fan  controls  and  answer 

exnansTo^*J^L°*^°  problems  with  outdoor  units  Is  keeping  the  thermostatic 
rt^S^nH«  operating  at  full  capacity  during  cold  weather.  Capacity 

depends  on  the  pressure  difference  across  the  valve.     If  condensing  pressure 
reduces  from  102  PSI.  90P  (32C)  for  R12  to  56  PSI,  30F  (-2c5  for  R12r?hrJalve 
capacity  will  drop.     (Not  enough  liquid  refrigerant  will  flow.)    The  refrigerated 
fixture  ten^eratures  may  then  rise  too  high.    Also,  a  small  pressurl  dlffe?IJce 
may  ctuse  short  cycling  of  the  condensing  unit.  pressure  airierence 

H,  .^iJ^  ?^'^®^  w?  "^^^^^i"  air  cooled  condensing  pressures  at  a  satisfactory  level 
tied  "         ^T.ltn^  t  ^P^'^^^ser  fan  pressure  control  Is  frequently 
nonnl^  J      control  acts  to  break  tbc  circuit  to  the  condenser  fan  on  a  drop  in 

?^  JL''"^^""         ^^^^  »  ri^«  in  condensing  pressure  Since 

oJJL  H  °*  °°  »  °°r»al  high  pressure  control,  this  is 

?JoraJr^^f        *^  *  r^'o^r.''^""^  pressure  control.    The  contacts  of  this  con- 
trol are  set  to  operate  20%  below  normal  operating  pressure  (NOP)      To  comoute 
pressure  settings  for  a  CFC.  the  following'^ formulas  may  be  used  compute 

CI  OR  NOP  =  SuMfCR  Design  Temperature  +  Qdndensing  Factor  Converted  jo  Pressure. 

CO  =  NOP  MIMJS  20X  (CO  ON  Tl«  CFC  IS  20X  BELOW  ISDP) . 

I.  As  the  condensing  pressure  drops,  what  will  the  valve  capacity  do? 


le?el?°°*^°^        required  to  keep  the  condensing  pressure  at  a  satisfactory 


contJol?°'"^^°^^°^  pressure  drops,  what  Is  the  action  of  the  condenser  fan 


ERIC 


2-2 

34  V 


4.     On  a  system  with  a  normal  operating  pressure?  of  100  PSI,  what  is  tho  CFC 
set  to  cut-out  the  condenser  fan? 


E.    Read  the  following  paragraph  and  answer  the  following  questions. 

Anytime  a  motor  or  safety  control  require  replacement,  there  are  certain  pre- 
cautions that  should  be  observed.     These  precautions  are  as  follows: 

CAUTION:     When  installing  a  motor  control,  observe  the  following 
precautions . 

  Avoid  sharp  bends  or  kinks  in  the  capillary  tube. 

  Insure  the  control  is  large  enough  to  handle  the 

required  electrical  load. 

  Make  sure  that  the  pressure  range  of  the  control  is  capable 

of  handling  the  type  of  refrigerant  in  the  system. 

  Coil  excess  capillary  to  avoid  vibration. 

  Insure  that  system  is  disconnected  from  power  source. 

1.    What  is  a  precaution  that  should  be  observed  concerning  the  pressure  range? 


2.    What  is  required  with  the  excess  capillary  tube  and  why? 


F.  Read  paragraph  14-94  in  the  "Modern  Refrigeration  and  Air  Conditioning"  textbook 
and  answer  the  following  questions. 

1.    What  are  the  four  types  of  motor  controls  that  are  used  in  commercial 
refrigeration? 


a. 

b. 
c. 
d. 


The  six  (6)  common  troubles  encountered  with  the  motor  controls  are; 

a.   

b.  

c.  

d.  .  

e.   

f .  
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How  can  a  pressure  control  operation  be  checked? 


A  thermostatic  motor  control  may  be  checked  by  utilizing  what  method? 


What  are  the  two  (2)  roost  common  troubles  associated  with  high  pressure 
safety  switches? 


a. 


b. 


When  will  an  oil  pressure  safety  switch  operate? 


stop:    you  have  completed  the  directed  study  assignment  for  day  23. 
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^  TROUBLESHOOTING 

Assignment  in  Preparation  for  Day  sltj^ 

Troubleshooting  Motor  and  Safety  Controls 

Read  paragraph  14-94  in  the  "Modern  Refrigeration  and  Air  Conditioning"  textbook 
and  answer  the  following  questions.  •  , 

1.  List  four  types  of  motor  controls  that  are  used  in  commercial 
refrigeration. 

a-  

b.  

c.  

d. 

2.  A  motor  control  with  corroded  contacts  should  be  repaired  by 


3.     How  may  corroded  contacts  be  temporarily  repaired? 


4.  A  thermostatic  motor  control  (TMC)  with  a  broken  mercury  bulb  or  lost 
sensing  bulb  charge  may  be  repaired.  TRUE/FALSE 

5.  An  out-of- adjustment  motor  control  is  usually  a  result  of 


6.     A  pressure  control's  cut-in  and  cut-out  settings  may  be  checked  using 
what  2  items? 


7.    What  is  the  most  common  trouble  with  high  pressure  motor  controls? 


8.    List  the  steps  to  check  a  high  pressure  motor  control  element. 


9.     A  high  pressure  motor  control  is  designed  to  work  only  under 

conditions^ 
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10.  If  a  high  pressure  motor  control  is  short  cycling  a  compressor,  what  would  be  the 
cause? 


11.  What  would  cause  rapid  deterioration  of  contacts? 


STOP I     YOU  HAVE  COMPLETED  THE  DIRECTED  STUDY  ASSIGNMENT  IN  PREPARATION  FOR  DAY  24. 

Assignment  in  Preparation  of  Day  25 

A.     Read  the  following  paragraph  and  answer  the  following  questions. 

Trouble  analysis  is  an  organized  process  of  elimination.     The  first  thing  to  do 
is  install  the  manifold  gauge  assembly  and  operate  the  system  if  possible.  While 
the  unit  is  operating,  it  will  give  you  time  to  listen  to  the  user's  complaint 
as  well  as  observe  the  symptoms  of  the  system.     In  some  cases,  it  is  possible  to 
determine  the  malfunction  immediately,  while  in  other  cases,  you  may  have  to 
check  several  things  before  determining  the  exact  trouble.     A  few  minutes  spent 
in  observation  and  analysis  may  save  hours  of  work  later. 

^'   is  an  organized 

process  of  elimination. 

2.     What  are  the  first  things  that  a  service  specialist  should  do  to  analyze  a 
refrigeration  system? 


3.     It  is  possible  to  determine  the  system's  malfunction  immediately,  by  checkini: 
one  thing.  thUE/FALSE 

B.     Read  the  following  paragraph  and  answer  these  questions. 

To  troubleshoot  a  TEV  or  TEVEE,  system  suction  pressure  (heat  load)  and  superheat 
are  calculated.     Adjusting  the  valve  is  the  last  thing  one  should  do  as  malfunc- 
tions are  rarely  caused  by  the  valve  being  out  of  adjustment.     The  TEVs  are  found 
on  roost  applications  of  mechanical-type  refrigeration  due  to  its  reliability  and 
operation . 

1.     When  does  the  service  specialist  adjust  the  TEV  or  TEVEE,  while  checking  a 
malfunctioning  system? 


2.     The  valve  being  out  of  adjustment  is  usually  the  problem  on  a  malfunctioning 
system.  TRbg/FALSE 
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Read  the  following  paragraphs  and  an&wer  these  questions. 

Trouble  analysis  Is  the  area  of  refrigeration  that  separates  the  parts  changer 
from  the  service  specialist.     To  be  successful  at  troubleshooting,  the  specialist 
must  have  a  thorough  knowledge  of  refrigeration  theory  and  accurate  test  equip- 
ment.    The  only  way  to  find  out  what  Is  wrong,  Is  to  know  what  the  correct  opera- 
tion should  be. 

Refrigeration  troubles  fall  into  three  major  categories:    electrical,  refrigera- 
tion system,  and  refrigerant  controls.     Electrical  problems  consume  most  of  the 
troubleshooting  time.     Some  of  the  most  common  electrical  problems  are  shorts, 
opens  and  overloads.    Most  of  the  problems  that  occur  under  the  refrigeration  sys- 
tem category  are  restriction  (partial  or  complete),  leaks,  odors  and  low  capacity. 
The  best  way  to  determine  these  problems  is  by  the  use  of  temperature  and  pressure 
readings  along  with  a  person's  six  basic  senses:     sight,  smell,  touch,  hearing, 
tasting,  and  most  of  all,  common  sense.     Since  refrigerant  controls  give  very  few 
troubles,  they  should  be  the  last  step  in  the  analysis  process.  Thermostatic 
Expansion  Valves  (TEVs)  can  be  analyzed  by  using  the  *'two  symptom  method,*'  suc- 
tion pressure  and  superheat. 

1.     What  two  (2)  things  irist  a  service  specialist  have  to  be  successful  at 
troubleshooting? 


2.    What  must  you  know  to  find  out  what  is  wrong? 


3.     What  are  the  three  (3)  categories  of  refrigeration  troubles? 


4.    Which  category  consumes  most  of  the  service  specialist's  time? 


5.     What  are  a  person's  six  basic  senses^ 


6.  Since  refrigerant  controls  give  most  of  your  troubles,  they  should  be  the 
first  thing  you  place.  tRUE/FALSE 

7.  What  two  (2)  readings  comprise  the  "two  symptom  method  of  analyi.ing  a  TEV? 


stop:   yoo  have  completed  the  directed  study  assignment  in  preparation  for  day  25. 
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DOMESTIC  AND  COMMERCIAL  REFRIGERATION 
Assignment  in  preparation  for  Day  26. 

A.     Read  the  following  paragraphs  and  answer  the  questions. 
Refrigerant  Control 

All  modern  domestic  refrigerators  nse  a  capillary  tube  refrigerant  control.  This 
type  of  control  is  simple,  economical,  and  allows  the  use  of  a  low  starting  torque  motor 
One  end  of  the  capillary  tube  is  attached  to  the  bottom  of  the  condenser.    You  may  find  a 
strainer  installed  between  the  condenser  and  capillary  tube.    The  capillary  tube  is 
soldered  to  the  suction  line  to  act  as  a  heat  exchanger  and  give  the  capillary  tube  added 
strength,  and  terminates  in  an  expansion  chamber  at  the  top  of  the  evaporator. 

PRINCIPLE  OF  OPERATION  OF  CAPILLARY  TUBE.     Liquid  refrigerant  with  a  pressure  of  120 
to  140  PSI  and  a  temperature  of  90  to  120^F  enters  the  capillary  tube.     (Pressures  and 
temperatures  are  approximations.)    As  the  liquid  travels  through  the  capillary  tube  its 
pressure  is  reduced  by  the  resistance  of  the  tubing.    At  the  same  time,  its  temperature 
IS  being  reduced  by  the  cold  suction  line.     These  two  forces  continue  to  act  on  the 
liquid  refrigerant  as  it  proceeds  through  the  capillary  tube.    However,  the  pressure  is 
reduced  (comparatively)  faster  than  the  temperature.     At  some  point  (usually  within  the 
last  1/3  of  the  tube)  the  pressure  of  the  liquid  refrigerant  is  reduced  below  its  boiling 
point.     Some  of  the  liquid  refrigerant  "flashes"  or  boils.     The  vapor  occupies  more  space 
than  the  liquid  so  the  resistance  to  flow  is  increased.     The  temperature  of  the  refriger- 
ant is  decreased  by  both  the  flashing  of  the  liquid  and  by  the  action  of  the  cold  suction 
line.     The  point  where  the  flashing  first  occurs  to  the  end  of  the  capillary  tube  is 
known  as  a  "vapor  lock  or  bubble  point." 

All  capillary  tubes  have  a  vapor  lock.     The  length  of  the  vapor  lock  depends  ok  a 
combination  of  the  following  factors. 

*  Condensing  temperature. 

*  Condensing  pressure. 

*  Amount  of  subcooling  of  the  liquid  in  the  condenser. 

*  Temperature  of  the  suction  line. 

*  Pressure  difference  between  the  low  and  high  side. 

*  The  length  and  diameter  of  the  capillary  tube. 

1.    What  does  a  domestic  refrigerator  use  for  a  refrigerant  control? 


2.    Between  what  two  (2)  components  is  the  capillary  tube  installed? 


3.     What  is  meant  by  "vapor  lock  or  bubble  point"? 
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B,    Read  the  following  paragraphs  and  answer  the  questions- 


Since  most  people  are  more  or  less  familiar  with  the  common  household  refrigerator 
it  will  be  used  in  the  instruction  of  hermetically  sealed  refrigeration  units. 

DOMESTIC  REFRIGERATORS 

The  term  "domestic  refrigerators"  includes  all  types  of  refrigerated  boxes  normally 
used  in  the  kitchen,     it  includes  refrigerator-cold  storage  box  combinations,  but  does  not 
include  separate  cold  storage  boxes. 

A  domestic  refrigerator  is  normally  an  upright  box  with  one  or  two  doors.     It  may  be 
either  free  standing  or  built  into  a  wall,     A  modern  domestic  refrigerator  is  a  self- 
contained  unit  as  shown  below.     It  can  be  placed  in  operation  by  removing  the  shipping 
bolts  (if  they  have  them),  connecting  the  power  source  and  adjusting  the  motor  control. 


Most  domestic  refrigerators  have  at  least  three  different  temperature  compartments: 
a  freezing  compartment  for  freezing  ice  cubes  and  storing  frozen  foods,  a  medium  temper- 
ature area  for  foods  and  beverages,  and  a  high  temperature,  high  humidity  compartment  for 
fresh  vegetables  and  fruits.     They  may  have  such  accessories  as  a  butter  conditioner,  og^; 
shelves,  beverage  containers,  and  storage  shelves  in  the  door. 


EKLC 


5-2 

35^ 


1.    What  does  the  term  "domestic  refrigerator"  refer  to? 


2.    Most  domestic  refrigerators  have  how  many  temperature  compartments,  and 
what  are  they? 


C.     Read  the  following  paragraphs  and  answer  the  questions^ 

Construction  Features 

The  outer  shell  is  normally  made  of  several  pieces  of  sheet  metal  welded  together 
and  covered  with  appliance  enamel.     The  inner  shell  is  usually  fortned  from  one  piece  of 
metal.     It  may  be  either  porcelain  or  enamel  finished «    The  space  between  the  two  sheets 
is  filled  with  insulating  material. 

INSULATION.     Any  substance  that  will  retard  the  flow  of  heat  may  be  used  for  insulat- 
ing purposes.     A  great  number  of  substances  have  been  used  for  insulation  in  domestive 
boxes.    Fiberglas  and  foamed  plastic  are  the  most  widely  used  in  domestic  refrigerators. 

Fibergias.     This  is  one  of  the  most  wi  >ly  used  insulating  materials.     It  is  made 
from  silicon  dioxide  (glass  sand)  and  is  expanded  with  refrigerant  or  carbon  dioxide. 
When  used  in  domestic  refrigerators,  it  is  made  in  the  form  of  mats  and  is  approximately 
three  inches  thick.     If  it  is  necessary  to  handle  Fiberglas,  wear  a  long  sleeved  shirt 
and  rubber  gloves  as  the  particles  of  glass  will  penetrate  the  skin  and  cause  a  burning, 
itching  condition. 

Foamed  Plastic.  This  is  a  relatively  new  insul&ting  material.  It  is  manufactured 
from  plastic  that  has  been  foamed  or  expanded  by  the  use  of  refrigerant,  carbon  dioxide 
or  seme  other  highly  volative  agent.  Foamed  plastic  is  more  expensive  than  Fiberglas, 
but  you  only  have  to  use  half  as  much  of  it  to  get  the  same  insulating  effect.  Foamed 
plastic  is  light  in  weight,  easily  worked  and  may  be  manufactured  in  various  forms  and 
shapes.  Therefore,  it  makes  a  very  desirable  insulating  material  and  is  used  in  the 
so-called  "thin-walled"  boxes. 

1.     What  is  insulation?   


2.     What  are  the  most  common  types  of  insulating  materials  used  in  domestic 
refrigerators? 


D.     Read  the  following  paragraphs  and  answer  the  questions. 

VAPOR  BARRIER.     Condensation  of  moisture  will  occur  on  any  surface  that  is  at  a 
temperature  below  the  dewpoint  of  the  surrounding  air.    Therefore,  we  must  keep  moisture 
out  of  the  insulated  space  between  the  inner  and  outer  shell.     This  is  particularly 
important  around  the  freezing  section.     Several  substances  are  used  for  this  purpose, 
but  the  most  important  one  in  domestic  boxes  is  plastic.    The  plastic  is  placed  in  such 
a  way  as  to  stop  the  water  vapor  in  the  air  from  getting  to  the  cold  surface.     The  suc- 
tion line  is  often  insulated  with  a  rubber-like  substance  known  as  insulation  tape.  The 
holes  where  the  refrigerant  or  electrical  lines  go  through  the  box  are  usually  stuffed 
full  of  a  soft  putty-like  substance  known  as  permagum  cords.    An  odorless  tar  is  often 
spread  over  an  area  or  surface  to  prevent  vapor  transmission. 

DOOR.     The  late  refrigerator  may  have  either  one  or  two  doors.     These  doors  are  made 
to  cover  the  whole  front  of  the  refrigerator.     The  inside  of  the  door  may  be  recessed 
for  small  shelves  or  a  butter  conditioner.     The  inside  panel  is  made  of  plastic.  Since 
the  panel  is  light  it  aids  in  reducing  the  total  weight  of  the  door.     The  plastic  panel 
is  designed  to  aid  in  keeping  the  door  from  warping. 
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BREAKER  STRIPS,     The  breaker  strips  are 
pieces  that  shield  the  space  between  the 
inner  and  outer  shells.     Each  manufacturer 
installs  the  breaker  strips  in  a  different 
manner.    Some  use  screws,  some  use  clamps, 
while  others  snap  them  in. 

Breaker  strips  are  made  of  plastic.  When 
the  strips  are  cold,  they  become  brittle 
and  will  break  very  easily.    Before  attempt- 
ing to  remove  a  cold  breaker  strip,  run  a 
towel  dipped  in  warm  water  over  it.  Before 
installing  a  cold  breaker  strip,  dip  it 
in  warm  (not  hot)  water.     This  will  make  it 
s?oft  and  pliable  and  will  reduce  the  possi- 
bility of  breakage. 

MULLION  HEATER.     The  mull ion  heater  is  a 
strand  of  high  resistance  wire  attached  to  a 
strip  of  aluminum  foil.     The  mullion  heater 
is  installed  around  the  doors  under  the 
breaker  strips.    When  the  box  is  plugged  in, 
electricity  is  applied  to  the  mullion  heater 
which  gets  warm  and  adds  enough  heat  to  the 
area  around  the  door  to  reduce  sweating  or 
freezing.    A  mullion  heater  is  particularly 
important  around  the  door  of  the  freezer. 
If  the  mullion  heater  fails,  moisture  will 
condense  around  the  door  and  the  door  will 
freeze  shut. 


1.    What  is  used  to  insulate  the  suction  line? 


2.    What  are  the  breaker  s?trips  made  of? 


3.    What  is  a  mullion  heater? 


E.    Read  the  following  paragraphs  and  answer  the  questions. 
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Major  Components 


Domestic  refrigerators  use  the  same  baric  <:omponeyitai  as  any  other  refrigeration  sys- 
tem; a  compressor,  condenser,  refrigerant  control,  and  evaporator.    However,  each  of 
these  units  are  designed  for  a  particular  application  and  temperature  range! 

COMPRESSOR.     Modern  domestic  refrigerators  use  a  hermetic  compressor.     These  com- 
pressors have  some  outstanding  advantages  over  open  type  units.     In  all  instances  the 
compressor-motor  assembly  is  much  lighter  and  somewhat  stronger  as  a  unit.     Strong  found- 
ations for  mounting  the  heavy  open  type  compressors  are  completely  eliminated.  The 
faster  operating  speeds  physically  reduce  the  size  of  the  hermetic  compressors.     The  motor 
and  compressor  are  connected  to  the  same  shaft  and  are  positioned  as  close  together  as 
possible.     This  feature  eliminates  the  bulkiness  of  the  open  style    vstem  where  the  motor 
and  compressor  were  set  aptjtrt  and  driven  by  V-belts. 

The  most  important  advantage  of  the  hermetic  unit  is  that  the  ever  troublesome  shaft 
seal  IS  completely  eliminated.    The  elimination  of  the  shaft  seal  was  the  prime  reason 
for  the  development  of  the  hermetic  type  compressor. 

The  hermetic  design  allows  the  motor  and  compressor  to  be  enclosed  in  a  housing  that 
is  airtight.     Moisture,  dust,  grease,  and  all  foreign  particles  are  sealed  out  which 
allows  the  assembly  to  operate  free  of  these  disturbing  elements.     As  a  result  the  unit 
functions  at  full  rated  capacity  for  a  longer  period  of  time. 

Hermetic  type  compressors  operate  more  quietly  than  the  open  style.     Any  sound  origi- 
nating in  the  compressor  or  motor  must  first  pass  through  the  refrigerant  vapor  within 
the  housing.     It  must  then  be  transmitted  through  the  steel  casing  before  it  can  reach 
the  outer  area.     As  a  result,  the  noise  is  greatly  reduced.     Vibrations  are  almost  elimi- 
nated due  to  the  rapid  cycling  of  the  high-speed  unit  which  tends  to  smooth  out  larger 
pulsations.     The  complete  assembly  is  usually  mounted  on  springs  or  rubber  shock 
absorbers  that  dampens  out  any  vibrations  that  might  originate  from  the  assembly. 

As  a  unit,  all  of  the  advantages  previously  discussed  indirectly  result  in  an 
efficiency  that  places  the  hermetic  unit  superior  to  other  types. 

Hermetic  units  have  two  main  disadvantages.     They  are  not  e?  ily  serviceable  in  the 
field  and  in  case  of  motor  burnout  the  complete  system  becomes  contaminated. 

1.    What  are  the  basic  components  of  a  domestic  refrigerator? 


2.    What  are  the  disadvantages  of  a  hermetic  unit? 


F.     Read  the  following  paragraphs  and  answer  the  questions. 
Design  Characteristics 

^reciprocating  ht*rmetic  compressors  have  five  major  design  characteristics.  These 
characteristics  and  some  needed  information  concerning  them  are  listed  below. 

SHAFT  MCLWING.     The  crankshaft  is  mounted  either  vertically  or  horizontally. 

SliAfJ  !:eSIGN.     There  are  three  shaft  designs:     crank,  eccentrics,  and  the  scotch 
yoke.     nhri  scotch  yoke  is  used  only  on  low  toxque  fractional  hp  compressors.) 

Mt:;]HOn  OF  LUBRICATION.  Hermetic  compressors  are  lubricated  by  one  of  the  following 
mt^ilio  is:     aplash,  flood,  or  forced  feed  systems. 
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bearing  clliS„:rSt\%^^:r^t'L°%\^rthTo^^  fractional  horsepower  units.  The 

clearances  aid  the  splashinr^ffect  5?  tJe  d?iieS"irthe  ofl  J""'  '""^"'^ 

to  produce  a  little  Sore  noise  th^n  ?he  o?heJ  fynes      ihl  ^nLeH?  compressors 

areas.     The  oU  is  not  agftiLS  as  v?oli^t?.''T\?r''         bearings,  pins,  and  surface 

quieter  operation  a;5  i:is  ;u''p:^prSg'""j;L  sy;Jem  fs'of?ir'  "r.'"'"'  ""^"^^^ 
compressors.     The  forced  fepd  <!v^t«m  »      system  is  often  used  in  air-conditioning 

sages  to  the  blSri^g^    Thl  SeaJings  Sfn  be  S?Sse??  J?ftfd'r'        /"^^""Rh  drilled  pas! 
tion.     This  type  syltem  is  used  oS'large  h1gS-sple5  c"mJrfssors'*'""  ^"  ^^^^  ''"^'^^ 
1.     How  is  the  crankshaft  mounted? 


2. 

a. 
b. 
c. 


What  are  the  three  methods  used  in  lubricating  hermetic  compressors? 


G.     Read  the  following  paragraphs  and  answer  the  questions. 

duce"°^?SoSJr\/!?^  cooler  nn  electric  motor  operates,  the  more  power  it  will  nro- 
coSras  SoIliMp'     LJLi""'*'''^''''^  ^''^^         ""^"^  ^"  ^  hermetic  compre.ssor  be  Jept'^Is 

ihe^^JeirJhaTjjSs^?^  ^In  S  -  V^V^^^Z 

KnJ  JiprcrS^^^^  ~  aVdS-o%^it-o-^ 

:?rj  ir^*pS?jL5^^°Ss°jeti?n"i   -rSv^%rai\'%hTo\r:;d^u  i?d"  r^ij;:r^er\^;r^ 

^?es-1s£~ 

I  separate^^rl%^^^S^^^^Sui^:h^^^'o^L^^*  JirfJ%^he  ?o~or"°  --iterators  have 

dPsi^!!!^^  SP^°^'„  "f""ffct"rers  produce  hermetic  compressors  in  a  variety  of  shell 
acco?3Lg  irthe5J^«han.'n  'l^^"  ^^^'^  t°  Jhese  compJeslSrs 

?a?°L'^"lrs^^;erL'5^?le;LrgS^g;fphi^:r:as'"     ^^i^    ^"^^  "-t^ 

design  that  is  accepted  indust?y4r5e''J°  So?;^^nJ?:c?S?e°;f  aSHe'^ei?:  llrToLT' 
1.     What  are  the  three  methods  usod  in  cooling  hermetic  compressors? 


a. 
b. 
c. 


2.    How  are  the  compressors  named  in  the  .f:!eld? 
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H.     Read  the  following  paragraphs  and  answer  the  questions. 


Condensers 

The  conden 
following  cons 
wire  frame,  an 
last  fev  years 
outside  wall, 
ser.  However, 
outside  of  the 
these  units  fi 
outside  of  the 


sers  in  domestic  refrigerators  are  usually  made  of  steel  and  are  of  the 
truction  types:     plate  finned  (forced  convection),  coiled  tubing  with  a 
d  coiled  tubing  mounted  on  the  inside  of  the  refrigerator  shell.     In  the 
several  manufacturers  have  built  the  condenser  as  an  integral  part  of  the 
From  a  visual  standpoint,   it  appears  that  the  unit  does  not  have  a  conden- 
let  the  u/iit  operate  for  about  30  minutes  and  then  ru(   your  hand  over  the 
box.     The  hot  area  will  indicate  the  exact  location  of  the  condenser.  When 
rst  came  out,   it  was  quite  difficult  to  convince  some  of  the  users  that  the 
ir  refrigerator  was  supposed  to  get  hot. 


OIL  COOLER  CIRCUIT 

Some  compressors  used  on  domestic  refrigerators  require  oil  cooling.     This  is  usually 
accomplished  by  passing  the  discharge  gas  through  an  oil  cooler  circuit,  desuperheat j ng 
it,  and  then  returning  it  to  the  compressor  where  it  picks  up  heat  from  the  oil  beiore 
ROing  on  to  the  condenser. 

The  schematic  below  illustrates  the  hot  gas  flow  through  the  oil  cooler  circuit. 


-«t  COOLCt  ancuiT 
CTLINDCII  AND  f>«STON 


CAPIUART  TUBE 


OIL  COOtCR 

Oil  Cooler  Circuit 


Oil  Cooler  Circuit 

1.     What  is  the  type  of    ondenser  construction  used  on  domestic  refrigerators? 


How  is  oil  cooling  accomplished  on  domestic  refrigerators? 
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I.     Read  the  following  paragraphs  and  answer  the  questions. 


EVAPORATORS 

The  evaporators  used  in  domestic  refrigerators  must  be  rugged,   functional  and 
attractive. 

Frosting  type  refrigerators  usually  use  a  flooded  type  evaporator  or  a  plate  with 
aluminum  tubing  attached  to  the  back.     Very  often  you  will  find  a  refrigerator  that  uses 
a  plate  evaporator  with  a  preformed  refrigerant  coil  in  the  freezer  section.     These  plate 
type  evaporators  are  normally  made  of  aluminum.    Home  freezers  often  use  an  evaporator 
that  is  composed  of  coiled  aluminum  tubing  crisscrossed  with  steel  or  aluminum  re. 

Manufacturers  do  not  recommend  attempting  to  repair  aluminum  evaporators,     when  an 
aluminum  evaporator  gets  a  hole  in  it,  the  manufacturer  recommends  replacinp  tie  complete 
assembly. 

Suction  Line 

The  suction  line  is  usually  attached  at  the  top  of  the  evaporator  on  domestic  boxes. 
There  is  usually  some  surplus  section  line  run  along  one  side  or  else  coiled  inside  the 
box.     This  extra  length  is  to  allow  the  suction  gas  to  pick  up  enough  lioj  V,  (from  the 
capillary  tube)  so  that  the  suction  line  will  not  sweat  outside  the  box      A  sweating  suc- 
tion line  usually  indicates  an  overcharge.     If  the  system  is  correct rv    *  tirged  and  the 

ction  line  still  sweats,  :t      .:;t  be  insulated  to  keep  the  condenS'^tf?  :M*om  dripping  on 
.Lie  floor.     Suction  lines  are    i  aally  made  from  5/6  to  3/8  inch  corv'^»  tubing. 

Door  Gasket 

Domestic  refrigerators  have  a  synthetic  rubber  or  flexible  plastic  gasket  around  the 
door.     This  gasket  or  seal  is  designed  to  make  an  airtight  seal  between  the  door  and 
refrigerator  body.    Door  seals  usually  last  from  five  to  seven  years.     It  is  always  best 
to  replace  door  seals  with  an  exact  like  item.     However,  this  is  not  always  possit'- 
Sometimes  you  will  find  it  necessary  to  use  a  general  replacement  seal.     There  aro  .*ecnrT.i> 
types  of  seals  in  general  use.     The  door  should  be  removed  and  laid  on  a  flat  sur^.-^co 
when  replacing  the  gasket.     This  will  prevent  warping  of  the  door. 

1.     What  type  of  evaporator  is  used  on  frosting  type  refrigerators? 


2.     What  does  a  svf^ating  suction  line  indicate? 


3.     What  is  the  purpose  of  the  door  gasket? 


J.     Read  the  following  paragraphs  and  answer  the  questions. 

During  the  initial  development  of  the  domt^stic  refrigerator,  the  freezer 
section  was  small.     It  would  hold  two  or  three  ice  cube  traya  and  that  was  about  all.  The 
customer  began  demanding  more  and  more  freezer  space  until  boxes  are  one-third 

freezer  space.    Jhe  freezer  must  be  maintained  at  about  OF  while  the  refrigerator  section 
is  only  40  to  50  F.     Several  methods  have  been  empToyed  to  maintain  these  two  different 
temperature  ranges  within  the  same  box. 

Air  Spillover  Using  One  Evaporator 

This  is  the  oldest  method  used  to  maintain  two  different  temperatures.     The  cold  air 
that  flows  (spills  over)  the  frozen  food  compartment  cools  the  regular  refrigerator 
space.     This  system  has  disadvantages.     During  periods  of  light  usage,  the  temperatures 
of  the  refrigerator  space  will  become  too  cold.    During  periods  of  heavy  usage,  the 
refrigerator  tomporature  will  bo  too  high  oven  if  the  temperature  of  the  froz<»n  food  ar<\i 

i  s   nnrmn 1  . 
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Refrigerant  Spillover  Using  Two  Evaporators 


In  this  system  the  tubing,  evaporator  size,  and  refrigerant  charge  is  very  critical. 
The  liquid  refrigerant  goes  to  the  coldest  evaporator  first.     If  this  area  needs  refriger- 
ation, all  of  the  liquid  is  vaporized  and  the  vapor  is  superheated  in  the  second  evapor- 
ator before  going  to  the  compressor.    When  the  first  evaporator  is  satisfied,  the  liquid 
will  spill  over  into  the  second  evaporator  and  be  vaporized  there.     An  accumulator  at  the 
end  of  the* coldest  evaporator  aids  in  keeping  the  refrigerant  from  spilling  over  too  soon. 

The  compressor  is  cycled  by  a  thermostat  on  the  warmest  evaporator.     The  evaporator 
in  the  fresh  food  compartment  is  much  smaller  than  the  one  in  the  freezer  section.  The 
thermostat  cycles  the  unit  off  when  the  saturated  vapor  reaches  the  outlet  of  the  medium 
temperature  evaporator. 


Air  Spillover 


Refrigerant  Spl? lover  System 


1.     At  what  temperatures  should  the  freezer  and  the  refrigerator  section  be  maintained? 


2.     On  the  refrigerant^ spillover  using  two  evaporator  system,  what  cycles  tht;  coinrressu 
and  what  does  it  sense? 


K.     Read  the  following  paragraphs  and  answer  the  que.«^'^  •  ons. 


Metered  Chilled  Air  System 

This  system  is  used  on  modern  "no-frost" 
refrigerators  only.     It  utilizes  a  finned, 
forced  convection  evaporator  that  is  located 
in  the  frozen  food  compartment.  A  fan  forces 
the  air  over  the  evaporator  coil  and  over  the 
food  in  the  frozen  food  compartment.     A  crit- 
ically sized  duct  runs  from  the  evaporator  to 
the  fresh  food  compartment.     Therefore,  a 
metered  amount  of  cold  air  is  forced  through 
this  duct  into  the  fresh  food  compartment. 
This  air  is  very  cold  and  is  usually  directed 
toward  the  top  or  sides  of  the  box.  If  this 
cold  air  is  allowed  to  strike  a  product 
directly  the  product  will  be  frozen.  Small 
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Metered  Air  System 


holes  permit  the  air  to  return  from  the  fresh  food  compartment  to  the  freezer  compart- 
ment.    Since  the  forced  convection  evaporator  is  in  a  low  teinperture  area,  it  is  neces- 
sary to  use  some  form  of  automatic  defrost. 

Since  the  thermal  bulb  or  the  thermostat  is  not  attached  to  the  evaporator,  it  feels 
air  temperature  only.  Most  manufacturers  place  the  thermal  bulb  in  the  freezer  compart- 
ment; however,  some  place  it  in  the  fresh  food  compartment. 

AIRFLOW-  The  freezer  air  is  drawn  into  the  return  air  duct  at  the  front  of  the 
freezer.  It  passes  to  the  rear  between  the  divider  and  frei^zer  bottom.  It  is  then 
drawn  upward  through  the  evaporator  and  discharged  into  the  freezer  section. 


Airflow  io.  a  Ho-Frost  Refrigerator 

The  sensing  element  of  the  cold  control  is  located  at  the  rear  of  the  freezer  air 
return  duct,  in  the  refrigerator  section  the  refrigerator  air  is  drawn  into  the  refrig- 
erator air  return  duct  at  the  top  front  of  the  refrigerator  section.     It  passes  to*  the 
rear  of  the  section  between  the  styrofoam  divider  and  the  top  of  the  refrigerator  sec- 
tion.    It  is  drawn  upward  through  the  cooling  coil  and  discharged  into  the  fan  cover  by 
the  fan.     Part  of  the  air  that  is  discharged  into  the  fan  cover  is  directed  into  the 
refrigerator  air  duct,  which  is  mounted  on  the  insulation  side  of  the  liner.     The  air 
then  passes  down  the  duct  and  enters  the  refrigerator  section.     The  amount  of  air  er tar- 
ing the  refrigerator  is  carefully  balanced  with  the  amount  of  air  entering  the  freezer  to 
achieve  proper  temperatures  in  both  sections. 

Today  modern  refrigerators  use  variations  of  the  refrigerant  spillover  and  moterod 
air  systems  on  their  frost  i'ree  refrigerators.     The  evaporators  can  be  locates!  anywliorc 
such  as  in  the  lower  portion  or  either  side.     The  refrigerator  operates  basically  th<' 
same  as  those  previously  listed.     The  side-by-side  rof rigorators  tend  to  be  larp:or  in 
size,  20  CO  30  cubic  Toet. 

1.     What  type  of  refrigerator  uses  the  metered  chilled  air  system? 


2.    Where  is  the  sensing  element  of  the  cold  control  located? 


L.     Read  the  following  paragraphs  and  answer  the  question. 

Domestic  Freezers.     Domestic  freezers  were  first  developed  for  the  storage  of  frozen 
foods  in  the  home.     These  boxes  may  be  either  the  chest  or  upright  type.     The  chest  type 
operates  more  econOs «^cally  and  the  temperature  fluctuations  are  not  as  great  as  with  the 
upright.     The  upright  type  box  was  developed  so  that  a  large  box  would  not  take  up  too 
???uch  floor  space.     The  greatest  disadvantage  of  the  upright  box  is  th;'.t  ea<*h  time  tlie 
door  is  opened,  the  cold  air  spills  out  and  is  replaced  with  warm  air.     This  not  only 
causes  the  unit  to  operate  longer  but  also  causes  a  large  temperature  fluctuation  within 
the  bv  v. 
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These  freezers  are  similar  in  design  and  operation  to  that  of  the  domestic  refrigera- 
tor, except  for  the  lower  temperatures  that  they  maintain. 


1.    What  is  the  greatest  disadvantage  of  an  upright  freezer? 


M.     Read  the  following  paragraphs  and  answer  the  questions. 
Defrost  Systems 

All  modern  domestic  refrigerators  have  some  type  of  automatic  defrost.    Two  types  of 
automatic  defrost  in  general  use  are:     hot  gas  and  electrical.     In  generall,  all  defrost 
systems  have  the  following  major  components. 

DEFROST  TIMER.     Thi«  is  an  electrical  clock  that  energizes  the  defrost  systems.  There 
are  two  different  methods  of  operating  the  clock  timer.     (1)  Clock  timing.     This  is  the 
simplest  and  must  common  method  used.     An  electric  clock  is  wired  to  the  plug-in  cord. 
Any  tlfne  the  unit  is  plugged  in,  the  clock  is  running •    Some  of  these  timers  are  set  to 
defrost  once  every  12  hours,  while  others  defrost  every  6  to  8  hours.     (2)  Running  time. 
The  electrical  clock  is  connected  to  the  compressor  circuit.    Therefore,  the  clock  runs 
only  when  the  compressor  is  operating.     After  a  given  number  of  hours  of  operation, 
usually  about  4  to  8,   the  timer  energizes  the  defrost  system. 

DRAIN  TROUGH.  This  unit  is  located  below  the  evaporator  to  catch  the  defrost  water  as 
it  drops  off  the  evaporator. 

DRAIN  TROUGH  HEATER.     An  electrical  heater  located  below  the  drain  trough  to  keep  the 
water  from  freezing  before  it  has  a  chance  to  flow  out  the  drain  line. 

DRAIN  LINE.     A  piece  of  rubber  or  plastic  tubing  runs  from  the  drain  trough  down  to 
the  drain  pan  below  the  refrigerator.     If  the  drain  line  passes  through  the  freezer  area, 
it  must  be  heated. 

DRAIN  PAN.     A  shallow  plastic  or  metal  pan  located  benoath  the  refrigerator.  The 
defrost  water  from  the  evaporator  collects  in  this  pan  and  is  evaporated  by  the  heat  of 
the  compressor,  oil  cooler  circuit,  or  condenser. 

HEATING  MECHANISM.     For  satisfactory  operation,  particularly  in  the  freezer  section, 
the  time  it  takes  to  defrost  the  evaporator  must  be  held  to  a  minimum.     This  is  accom- 
plished by  rapidly  heating  the  evaporator  with  the  hot  condenser  gas  or  an  electrical 
heating  coil. 

DEFROST  THERMOSTAT.     This  unit  has  several  different  names:     defrost  thermostat, 
termination  thermostat,  defrost  limit  switch,  and  safety  control.     Regardless  of  what 
these  units  are  called,  they  all  work  in  the  same  manner  and  have  the  same  functions. 

The  unit  is  a  ^mall  circular  (about  the  sic  of  a  quarter  and  1/4  to  3/8  inch  thick) 
plastic  or  bakelite  disc  with  two  wires  attacn .d.     It  is  located  on  and  attached  to  ^he 
evaporator.     The  internal  mechani&m  consists  nf  a  bimetal  element  that  is  open  at  50  F 
and  is  closed  at  20  F.     It  has  two  purposes: 

°  Keeps  the  defrost  heater  from  getting  hot  unless  the  evaporator  is  cold. 

^  Stops  or  terminates  the  defrost  cycle  when  the  evaporator  reaches  47°  to  50°F. 

1.  Name  the  two  types  of  defrost  systems  used  in  domestic  refrigerators. 

a.  .  

b .  

2.  Name  the  two  different  methods  used  to  operate  the  clock  timer. 

a.   .  
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At  what  temperature  range  is  the  defrost  cycle  terminated? 


N. 


Read  the  following  paragraphs  and  answer  the  questions. 


HOT  GAS  DEFROST  SYSTEM.     Fleure  below  in  ,.<=<-r.o<-»c.      *     •     ,  ^ 
The  defrost  timer  opens  the  so  fJJld  vl?ve  1  SlJ^  ?he  ^y^*^"- 

T.e  drain  trough  heater  Keeps  the^Jiier^f r^r^ee^z^Jg^^o^jr^J^^rorrurJ^^ 

compresIoSf  Te  uSufrreSS-rL^^^^SLorl^ed^Jv"-  ^?  -^'-^--^e  a  liquid  lock  in  the 
suction  line.  rerrigerant  is  vaporized  by  an  electrical  heating  element  on  the 

for  eflcfJjfal-poieJ  is'^^dSSer^^Si'F^st^o^e^  J?"  '""^  requirement 

With  the  tubes  fn  the  e.lHrlltr.  ^^h^KKre^^JS^JSe-is^^Lf ?L%^:rJ%iSld'ir°* 


Defrost  Systeis 

elecVrtltr'iriL  ^ol  ?s°\fc:ted^'rri  ?o'r::b;fnrr  "'"'r''  *°  troubleshoot  than  the 
enough  heat  in  the  hot  gas  to  ?  moletefv  rf!frn«J^^  temperature  area,  there  will  not  be 
build  up  on  the  evapoJa?or  ^^tn™? J'^^^?  be^'Sef JosL'd^ThlnT"  ^° 
1.    List  and  explain  the  two  advantages  of  the  hot  gas  defrost  system. 


2.     List  and  explain  the  two  disadvantages  of  the  hot  gas  defrost  system. 


O.     Read  the  following  paragraphs  and  answer  the  questions, 


nect  the  electrical  «lrEs  at  the  L?.n„^3^^S2  °!°^°;  """"'"S  <llscoii- 

the  trcuhle  la  1„  the  ae?^'!.'?^^,:"?^ tK';a^ive°S„%'*''o?c°Io?:!-„Jfa;;:%S'';Lji'.*''-'~- 
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*  Solenoid  Valve  Stuck  Closed.     The  symptom  ia;     The  system  will  not  defrost.  The 
checking  procedures  are:     unplug  the  unit  and  disconnect  the  electrical  wiring  at  the 
solenoid  valve.    Connect  an  external  power  source  to  the  solenoid.    Operate  the  unit.  If 
the  solenoid  valve  opens,  the  trouble  is  in  the  defrost  timer.     If  tho  valve  does  not 
open,  the  valve  must  be  replaced. 

*  Solenoid  Valve  Leaking.    The  symptoms  are:     the  low  side  pressure  is  high,  the  high 
side  pressure  is  low  and  there  is  a  high  box  temperature.    Compressor  runs  all  the  time 
and  the  bypass  line  is  warm.     The  checking  procedures  are:     the  first  four  could  be 
caused  by  a  bad  compressor.    The  last  sjrmptom  indicates  that  the  trouble  is  in  the  sole- 
noid valve  and  not  the  compressor. 

1.     List  three  malfunctions  of  a  hot  gas  defrost  system, 
a.  


b. 


c. 


2.     List  the  symptoms  of  each  of  the  malfunctions  listed  in  question  1. 

a.  


u . 


c. 


p.    Read  the  following  paragraphs  and  ansser  the  questions. 

ELECTRICAL  DEFROST  SYSTEM.     This  defrost  system  is  very  simple.     It  consists  of  an 
electrical  heating  element  wound  around  and  attached  to  the  evaporator.    The  defrost 
timer  turns  tho  compressor  off  and  turns  the  defrost  system  on.    Electricity  flow?5  through 
the  heating  elt^meM  and  heats  it  up.     The  heat  melts  the  ica.;  on  tho  crvaporutoi* .     As  soon 
as  tho  ovuporator  roaehtjs  50  F,  the  defrost  thormuslat  turns  tho  defrost  sys<oi?»  off. 

Advantages.     Complete  or  positive  defrosting  of  the  evaporator;     system  is  simple  and 
easy  to  troubleshoot . 

Disadvantage.    The  cost  of  operation. 

SERVICE  AND  MAINTENANCE.     Electrical  defrost  systems  are  subjected  to  the  following 
malfunctions  or  troubles. 

♦  Unit  will  not  defrost.     The  symptoms  are,  with  the  unit  operating:     box  temperature 
high,  very  little  air  coming  through  the  evaporator,  and  the  evaporator  covered  with 
frost.     Checking  procedures  are:     unplug  the  unit,  defrost  the  evaporator,  and  disconnect 
the  electrical  wiring  at  the  element.     If  the  heating  element  gets  hot,  it  Is  satisfac- 
tory, and  the  trouble  is  in  the  timer.     If  the  heating  element  does  not  get  hot,  it  is 
faulty  and  must  be  replaced. 

♦  Unit  on  defrost  and  will  not  change  b^ck  to  normal  operittion.    The  symptoms  are: 
bo.x  temperature  high,  evaporator  completely  defrosted,  comnressor  hot  operating,  and  the 
defrost  heating  element  is  hot.    Checking  procedures:     the  first  three  symptoms  could  be 
caused  by  several  different  conditions.     The  fourth  symptom  indicates  that  the  trouble  is 
in  the  defrost  timer. 

♦  Unit  will  not  defrost  completely.     The  symptoms  are:     unit  has  a  long  on-cycle,  box 
temperature  high,  small  amount  of  air  coming  through  the  evaporator,  and  part  of  the 
evaporator  covered  with  frost.     Checking  procedures:     the  symptoms,  particularly  the 
fourth  one,  indicate  that  the  defrost  thermostat  is  stopping  the  defrost  cycle  too  soon. 
Replace  the  defrost  thermostat. 

1.     List  two  advantages  of  the  electrical  defrost  system. 
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2.    List  onp  disadvantage  of  the  electrical  defrost  syat 


3.     List  and  explain  throo  m:il  fuiu- 1  ions  of  electrical  dc^frost  systems. 


Q.    Read  the  following  paragraphs  and  answer  the  question. 

DEFROST  SYSTEM  WIRING  DIAGRAM.     Thexe  are  several  types  of  defrost  timers  used  on 
domestic  refrigerators.    The  defrost  timer  Is  illustrated  below      This  Umlr  consists 

ousfrVJ^tJr'uUh'f  ?obe?t?:  f  ^^-t^ic  motor  that'Juns  coSunJ- 

ousiy,  a  rotor  (with  :i  lobe)  that  provides  two  sets  of  defrost  cvcles  for  o-irh  rnt  ni,»n 

LHs  o?oieS°'''A  °'  P'^i"*^'         set  is  always  opeS  wheS  t^e  i  hor' 

tV^^tl  During  normal  operation,  as  shown  below,  electrical  current  is  "Son IS 

Inollh  ^vlMron*?"""!?^'  2  aAd  3.     When  the  JoSor  modes' }ir 

enough,  movable  contactor  3  moves  up  to  the  lobe  and  opens  contact  Dolnts  9  nnri  ^nnH 

he:?lrs'°°iJeJ  lit'lVaV't  "8"  -"PP^^^^  to  Sot"J'?h*e'de?ros?  IrTn 

L1ro-rs\-L-s%--Jst=g  r-i?n^!d-S!ve%o. 


.  S 

I  I 

J       I   ^ 


Defrost  Timer 
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1.     Namt'  tlir  four  major  romf)OfH'nt.a  of  a  c«<»Xrusl.  timi^r. 


a. 
b. 
c. 


stop:    you  have  completed  the  directed  study  in  preparation  for  day  26. 


Assignment  in  preparation  for  Day  27. 

Charging  and  Evacuating  a  Capillary  Tube  System 

It  is  sometimes  difficult  to  determine  when  a  system  is  correctly  charged.     No  one 
method  will  work  in  all  applications.     Each  system,  the  units  in  it,  its  temperatu^-e 
range,  and  application,  must  be  considered.     The  following  guidelines  will  help  you,  but 
experience  and  trial  and  error  are  necessary  before  you  become  competent  in  determining 
the  correct  charge  in  a  refrigeration  system. 

A.     Read  the  following  paragraph  and  answer  the  question. 

One  method  of  determining  a  correct  charge  it.  to  use  a  portable  charging  station. 
A  charging  station  is  a  charging  cylinder  mounted  on  a  portable  handcart,  complete  with  a 
manifold  gauge  assembly  and  a  vacuum  pump.     This  is  illustrated  in  figure  14-92  in  the 
"Modern  Refrigeration  and  Air  Conditioning"  textbook.     The  main  advantage  of  using  this 
type  of  unit  is  that  It  is  fast.     A  given  amount  of  refrigerant  can  be  put  in  the  system 
in  a  relatively  short  time.     It  removes  the  guesswork.     If  you  know  exactl3'  how  much 
refrigerant  a  unit  requires,  this  amount  is  automatically  placed  in  the  system.     The  ease 
of  operation  makes  this  system  quite  valuable,  because  it  permits  inexperienced  personnel 
to  be  used.     A  qualified  service  mechanic  does  not  have  tc  be  available  when  using  this 
charging  station,  as  long  as  the  operator  observes  details  carefully. 

1.     What  are  the  advantages  of  charging  with  a  charging  station? 


B.    Read  the  following  paragraph  and  answer  the  questions. 

Anothf/r  manufacturer  makes  a  device  called  a  "chargef aster"  which  connects  directly 
to  the  cc;npound  si.de  of  your  manifold  assembly.     The  compound  hose  connects  to  the 
'*chargefi  ster.  "    %t  is  v.  calibrated  restrictor  device  designed  to  convert  liquid  refrig- 
erant into  a  vapor.     As  the  liquid  refrigerant  passes  through  the  device  it  is  converted 
into  a  saturated  vapor  at  a  rate  below  the  capacity  of  the  compressor,  thus  eliminating 
the  danger  of  liquid  slagging  to  the  compressor.     When  charging  a  unit  with  the  "charge- 
faster,"  the  saturated  vapor  enters  the  suction  line  and  frost  will  form  on  the  line  or 
service  valvo.     This  initial  f2%>st  remains  while  charging.    When  the  frost  has  completely 
disappeared,  shut  off  the  refrigerant  supply  as  the  unit  is  properly  charged.  When 
charging  refrigerators  -.x-  freezers  use  the  "chargefaster"  in  conjunction  with  a  cali- 
brated charging  tubs  for  accuracy,  speed,  and  to  maintain  the  pressure  within  the  charg- 
ing tube  for  the  duration  of  the  charging  procedure. 

"Chargefaster"  is  a  trademark  and  the  name  is  used  herein  to  give  the  operation  only. 
Othi-  manufacturers  may  have  other  designs  to  accomplish  the  same  Idea,  using  anohter 
name  and  method. 

1.     Where  is  a  "chargefaster"  connected? 
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2.     As  the  liquid  refrigerant  passps  through  the  "charge faster what  occurs  to  the 
refrigerant? 


When  charging  a  unit  with  a  ''ch&rgefart  -/  when  the  frost  has  completely  disappeared 
what  does  it  indicate?  ^  . 


C.     Read  the  following  paragraph  and  answer  the  questions. 

lii  systems  that  U53e  accumulator  spaces  at  the  outlet  of  the  evaporator,  one  must  be 
careful  of  the  amount  of  refrigerant  charged  into  these  systems.     A  common  method  is  to 
.slowly  charge  these  systems  with  refrigerant  in  the  vapor  state  until  the  suction  lino 
starts  to  sweat  and/or  frost  back  at  the  evaporator  outlet.     Then  purge  a  little  at  a 
time  until  the  "frost  back"  disappears.     This  method  is  commonly  known  as  the  "Direct 
Method. 

1.    When  charging  a  unit  using  the  Direct  Method,  what  state  is  the  refrigerant  in  as 
It  enters  the  suction  line? 


2.     Explain  the  procedures  of  charging  a  unit  vising  i(:he  direct  method. 


D.     Read  the  following  paragraphs  and  answer  the  questions. 

EVACUx\TION.     Newly  installed  systems  and  existing  systems  that  have  become  contami- 
nated with  moisture,  dirt,  or  foreign  gases  must  be  evacuated  before  they  will  perform 
properly.     In  existing  systems,     the  refrigerant *s  characteristics  w^V  change,  and  it 
cannot  meet  the  necessary  temperatures  and  pressures  for  effieient  r     lii  /      When  this 
happens,  we  must  evacuate  the  system  with  a  vacuum  pump. 

Under  normal  atmospheric  pressures,  water  bolls  at  212°F.,  but  It  the  pressure  is 
reduced  to  about  2.2  inches  Hg  it  will  boil  and  vaporize  at  about  lOO^F.     If  the  pressure 
is  further  reduced  the  moisture  will  vaporize  at  even  lower  temperatures.    We  need  a  high 
vacuum  (or  a  deep  vacuum  pump)  to  evacuate  the  system  low  enough  to  remove  as  much  of  the 
contaminants  as  mechanically  possible.     Using  an  ordinary  compressor  as  a  vacuum  pump,  we 
can  only  pull  enough  vacuum  to  rid  a  system  of  water.    The  two  most  common    acuum  pumps 
in  the  field  today  are  the  single-stage  and  the  two-stage.     The  single-stage  pump  is  nor- 
mally used  with  the  triple  method  of  evacuation,  and  the  two-stage  pump  is  used  to  evacu- 
ate by  the  deep  vacuum  method.     Pumps  are  rated  on  two  characteristics:     the  blank-off 
pressure,  or  the  vacuum  level  the  pump  can  achieve,  and  the  speed  with  which  it  can  pump 
the  system  down.     There  are  two  designs  of  pumps  -  the  piston  (or  vapor)  pump  and  the  vane 
(or  rotary)  pump.    The  rotary- type  pximp  is  by  far  the  more  efficient. 

The  rotary  type  consists  of  a  cylinder  with  an  inclosed,  eccentric  disk.  Movable 
vanes  run  through  the  disk  and  seat  against  the  cylinder.     These  vanes  create  suction  as 
they  move  past  the  intake  valve,  thus  exhausting  the  gas.     The  better  rotary  pumps  are 
two-stage,  or  two  rotary  units  in  series.     The  first  stage  takes  the  air  from  the  low 
pressure  of  the  refrigeration  system  and  exhausts  It  to  a  higher  pressure  environment. 
The  second  stage  sucks  In  the  exhaust  gas  and  exhausts  it  into  the  atmosphere.     Much  lower 
vacuums  can  be  pulled  with  a  two-stage  pump  over  a  single-stage. 

1.     Why  are  vacuum  pumps  needed  for  a  refrigeration  system? 
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2.     What  are  the  types  of  vacuum  pumps?    Which  is  the  most  ofXicionl? 


3.     How  does  it  work? 


£.     Read  the  following  paragraphs  and  answer  tho  question. 

During  the  evacuation  procedure  the  water  vapor  and  the  pump  oil  come  in  contact  with 
each  other.     The  oil  will  absorb  the  water  v?Por  until  the  vapor  pressure  of  the  water  in 
the  oil  is  so  high  that  the  pump  cannot  mai::r:-in  a  high  vacuum.    The  oil  in  small  vacuum 
pumps  should  be  changed  after  approximately  ]u  hours  of  operation.    Oil  that  contains  a 
large  amount  of  absorbed  moisture  loses  its  lubricating  properties.     A  large  number  of 
vacuum  pumps  are  damaged  each  year  because  of  the  oil  not  being  changed  often  enough. 

When  you  evacuate  a  large  system  or  use  the  vacuum  pump  in  the  shop  under  continuous 
conditions,  a  cold  trap  between  the  refrigeration  system  and  the  vacuum  pump  will  keep 
the  water  vapor  from  contacting  the  pump  oil.    As  the  moisture  vapor  contacts  the  cold 
service,  it  will  turn  to  ice.    We  then  simply  close  valves  on  both  sides  of  the  trap, 
unbolting  it,  and  remove  the  ice. 


1 .    What  causes  the  most  damage  to  vacuum  pumps? 


Homework  in  preparation  for  Day  27. 

Read  the  following  paragraphs  from  the  ^'Modern  Refrigeration  and  Air  Conditioning*' 
textbook.    Be  prepared  to  discuss  material  and  answer  questions  in  classroom  on  the 
assigned  material. 

Paragraphs  9-35,  11-37,  11-45,  11-46,  11-75,  11-76,  11-77,  14-10,  14-12,  14-30  and  14-32. 


stop:    you  have  cxjmpleted  the  assignments  in  preparation  for  DAV  27. 
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HERMETIC  AND  SEMI-HERMETIC  COMPRESSOR  SYSTEMS 
Directed  Study  Assignment  in  preparation  for  Day  28. 

TERMINAL  IDENTIFICATION 
A.     Read  the  following  paragraphs  and  complete  the  exercise. 

When  using  special  test  equipment  to  troubleshoot  electrical  malfunctions  of  hermetic 
and  semi -hermetic  compressors,  the  service  technician  must  be  able  to  identify  the  com- 
mon, run»  and  start  terminals.     This  is  required  for  correct  hook-up  of  various  pieces  of 
equipment . 

There  is  a  possibility  that  they  may  be  marked  or  that  the  technician  can  identify 
by  use  of  the  schematic.     When  the  terminals  are  not  identified,  it  is  possible  to  deter- 
mine proper  identification  in  the  following  manner. 

Terminal  Identification 

1.  The  first  step  is  to  number  the  terminals,  start  from  TOP  to  BOTTOM,  or  LEFT  to 
RIGHT,  depending  on  your  terminal  lay-out  with  1,   2  and  3. 

2.  The  second  step  is  to  measure  the  resistance  Cusing  R  X  1)  with  three  combinations 
of  numbers: 

a.  1  to  2 

b.  1  to  3 

c.  2  to  3 

3.  The  highest  reading  obtained  will  indicate  the  start  and  run  windings  because  it  is  a 
measure  of  the  retsistance  in  both  windings.    This  will  immediately  identify  the  other 
terminal  as  being  the  common.     The  next  higher  reading  will  identify  the  start  and 
the  lower  reading  will  identify  the  run  terminal. 

4.  Ucing  the  figure  below,  and  the  ohm  readings  listed,  letter  the  terminals  as  Run, 
Start,  and  Common. 


rOQOOD 


00000 


L^.o)J        l(.o)L   l(;n)l 


OOODO 


,  nor, . 


Taking  Readings  Across  Terminals 

NOTE:     The  highest  reading  obtained  was  between  terminals  1  and  3,  so  we  can  say  that 
these  terminals  are  the  start  and  run  terminals.     This  means  that  terminal  2 
has  to  be  the  common  terminal.     To  determine  which  is  the  start  and  run  termi- 
nals,   observe  the  readings  from  the  common  terminal  (terminal  2)  to  each  of 
the  other  terminals.    The  highest  of  these  two  readings  indicates  terminal  1  is 
the  start  and  the  lower  reading  to  terminal  3  irdjcates  it  is  the  run  terminal. 
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a.     Terminal  Readings: 
1  and  3  =   

1  and  2  =   

2  and  3  = 


NOTE: 


This  IdcMitificatlon  will  also  determine  the  motor  winding  conditions  Th.> 

iTtiprHnnV?'^^"^  and  14)  Should  oqual  th^l  Ir^c  r  J  "Jdi  n.^  ^ 

l^tlTLTo  Uoi'  '""''"^^         cross^shorted  and  tSe  cifr^sl^ot '  ^' ^ 

Sfi!!lfno?®  ^^'^^inals  Shown  to  the  right  and  the  ohm  values  to  the  left    letter  th. 

a.     1  to  2  =  11  Ohms 

1  to  3  =    4  Ohms 

2  to  3  =  15  Ohms 


b.     1  to  2  =  14  Ohms 

1  to  3  =    6  Ohms 

2  to  3  =    8  Ohms 

quesJions^^"^  """^  following  paragraphs  on  the  motor  start-analyzer  and  answer  these 


xne  unit  with  the  analyzer  you  are  bvna«;Qin£y  -i-vi**  ^^^^'^4-  4      «  ^  wn^u  jr^u  ttx-tr  starting 

tor  start  nn^tors  you  it  use  t;^cSclto^^;'?h^"a^;L^  ^'^'^"^ 

CAUTION:     Do  ^Jj^^^  jhe  analyzer  to  reverse  .  ™otor  compressor  unless  the  compressor 
seconds  rocking  operation  should  not  exceed  five  times  in  15 
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Motor  Start  Analyzer 

1.     The  motor  start  analyzer  may  be  used  to  accomplisn  v&'hat  2  motor  winding  checks? 


2.     Why  would  the  service  specialist  want  to  reverse  rhe  rotat     i  of  the  compressor? 


3.     When  using  the  motor  start  analyzer  to  start  a  compressor,  you  will  bypass  what 
electrical  component? 


4.     How  long  may  the  rocking  operation ,  to  unstick  the  compressor,  continue? 


C.     Road  the  following  paragraph  on  tho  Pushbutton  Starter  Cord  (Jump  Cord)  and 
answer  the  questions. 

If  the  motor  does  not  start  after  checking  the  motor  circuit  and  motor  control,  the 
trouble  may  be  in  the  starting  relay.     The  pushbutton  starter  cord  can  be  used  to  bypass 
the  relay  and  start  the  motor.     These  starter  cords  ;jome  equipped  with  a  normal  plug-in 
on  one  end  and  three  alligator  clips  on  the  other  end.     The  pushbutton  switch  is 
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spring-loaded  to  tho  open  position      Tho  aiUcratm'  />n«o 

White-Common.  Black-Run.  aSd  Red-Start  "^^^P^         color-coded  as  fo 


1  lows : 


CAUTION:     The  start  button  must  not  be  held  down  more  than  «     ■  ,v  seconds      If  the 
compressor  starts,  the  starting  relay  Is  faulty  ana  must  Replaced 


PL'SH-Bl/TTON 
SVtTCH  (SPRING 
LOADED  OPEN) 


VNITK 


BLACK 


RED  \S 


Schematic  Pushbutton  Starter  Cora 
l1rluit\H  J't.:,x  TonJro}?  '^^^^  -h-'<-<^  the  moto, 


What 

may  a  service 

technician  use  to  bypass  the  starting  relay? 

What 

is  the  normal 

position  of  the  pushbutton  switch? 

-1.     What  Is  the  color  code  for  the  Jilllgator  clips? 


5.     While  using  the  starter  cord,  the  motor  starts.     What  must  be  done? 


stop:   you  have  completed  the  directed  study  assignment  in  preparation  tor  day 


28. 


ERIC 


6-4 

37o 


Directed  Study  Assignment  to  be  completed  prior  to  Day  29. 


Propor  operation  of  startintr  relay,  and  checking  electrical  system  for  shorts  and 
current  flow. 

A.     Read  the  following  paragraphs  and  answer  the  questions. 
Starting  Relays 

Hermetic  .compressors  normally  use  an  induction  motor  with  two  windings:     a  start  wind- 
ing and  a  run  winding.     This  requires  some  type  of  switch  to  automatically  disconnect  the 
start  winding  r^i>  soon  as  the  nx^tor  reaches  approximately  3/4  of  its  rated  rpm.     The  auto- 
matic function  is  performed  by  a  switch  known  as  a  starting  relay. 

Types:     1.  Current 

a.    Open  Coil 

b-     :rnclosed  Coil 

2.  Time  Delay 

a.  Hot  Wire 

b.  Thermal 

3.  Potential 

1 .     At  what  rpm  is  the  start  wiriding  disconnected  from  the  circuit? 


2.     Name  the  3  types  of  starting  roJ"*'^^, 

a .  , 

b.  

c.   


B,     Read  the  following  paragraphs*  and  answer  the  questions. 

Curri-nt  Relay 

The  current  relay  is  used  on  low  torque,   fractional  horsepower  motors. 
Al^VANTAGES.     Siiiallcr  and  cheaper. 

DISADVANTAGES.     Points  open  during  high  current  draw  resulting  in  c^rc^ing  of  its 
poi  nts . 

OPERATION.     This  relay  operates  on  pxinciple  that  current  draw  is  highest  when  the 

motor  is  starting  than  at  any  other  time.     The  points  of  the  relay  are  normally  open  when 
the  compresso.   is  not  operating.    When  the  thermostat  closes,  the  current  rushes  jn  and 
magnetizes  1^^-  relay  coil.     This  causes  the  relay  points  to  close.     After  the  rioter 
reaches  two-!:hirds  to  three- fourths  of  its  rated  rpm,  the  current  flow  will  drop  a7>d  the 
magnet-ic  field  around  the  relay  coil  will  decrease.     The  points  will  then  be  ope.  by 
gravity.     Open  contacts  cut  the  start  windings  out  of  the  circuit.     The  run  winaing  tckes 
over.     The  current  relays  have  three  terminals  usually  identified  as  L,  S,  and  M,  This 
relay  can  be  used  with  a  starting  capacitor.     If  a  start  capacitor  is  used,  it  will  bo 
l(u^ated  in  the  start  lead  between  the  compressor  and  the  relay. 

—  Open  Coil  Relay  (Current j.     The  wiring  diagrum  for  this  rt^lay  is  illustrated  on 
next  page.     The  dash  lines  are  electrical  wiring  connections.     The  solid  lines  are  inter- 
nal connections  between  the  compressor  terminals  and  motor  windings. 
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Current  Relay  (Open  Coil) 

—  Enclosed  Coil  Relay.     An  enclosed  coil  relay  is  illustrated  in  figurtr  below  The 
operation  of  this  relay  is  the  sarae  as  the  open  coil  type.    However,  in  this  case  thp 
coxl  is  not  seen.     It  is  enclosed  in  a  housing  with  the  points.     if  you  study  both  dia- 
grams, you  will  see  that  nothing  but  the  compressor  wires  go  through  the  thermal  ovr r- 
loaa.     The  thermal  overload  is  sized  only  for  the  compressor  amperage. 


COMPftcssOR 


Current  Relay  (Enclosed  Coll) 
6-^6 
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1.    What  type  of  motor  is  a  current  relay  used  on? 


Name  tlur  two  types  of  current  reJays. 


3.     Name  the  disadvantage(s)  of  the  current  relay. 


C.     Read  the  following  paragraphs  and  answer  the  questions. 
Time  Delay  Relay 

Thermal  and  hot  wire  are  both  used  on  low  torque,  fractional  horsepower  motors.  These 
relays  have  their  own  built-in  safety  device  and  do  not  require  thermal  overloads. 

  Hot  Wire  Relay.     This  relay  operates  on  the  principle  that  electricity  passing 

through  a  conductor  produces  heat,  and  heat  makes  metals,-  expand.  Figure  below  illustrates 
a  typical  hot  wire  relay  installation. 


Hot  Wire  Relay 


The  contact  points,  see  figure  above,  at  M  and  S  are  normally  closed.     When  the  motor 
control  rlost?s.  current  flows  from  the  lip:?  to  terminal   1  and  up        terminal  L.     The  cur- 
rtMii    riuws  from  the  terminal  L  down  .  the  hot  wire  and  through  the  internal  mechanism,  to 
tho  M  and  S  contact  points.     F^^om  there  it  flows  through  both  the  run  and  start  winding 
and  <^ul  the  commc^n  terminal  to  the  line.     At  this  moment,  current  is  running  through  both 
the  run  and  start  windings  and  the  motor  starts.     At  startup,   there  is  a  large  current 
flow  through  the  hot  wire.     The  hot  wire  gets  hot  and  expands.     This  small  increase  ir. 
length  allows  the  internal  mechanisms  to  move  enough  to  open  the  start  contact  points. 
This  stops  the  flow  of  current  through  the  start  windings  but  the  motor  continues  to  oper- 
ate on  the  run  windings.     If  the  current  flow  through  the  run  windings  becomes  excessive. 
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the  hot  wire  will  again  incrt-asc  in  length  and  the  internal  mechanism  will  movo  enouKh  to 
open  the  M  contact  points  and  stop  the  motor. 

It  is  obvious  that  the  amount  the  hot  wire  will  expand  at  a  given  temperature  is  verv 

DISADVANTAGES.     The  hot  wire  relay  is  not  as  reliable  as  thG  current  relay  because  the 
tensior  on  the  wire  is  affected  by  ambient  temperature.     It  is  difficult  to  troubUshoot 
These  units  will  operate  just  perfectly  as  long  as  you  are  watching  or  checking  them 
However,  at  the  most  inopportune  time,  such  as  nights,  holidays,  or  weekends,  the  start 
contact  points  will  fail  to  close  on  the  "off"  cycle. 

Hot  wire  relays  have  been  used  on  a  great  number  of  domestic  refrigerators  in  the 
past.     However,  at  the  present  timr.  most  manufacturers  are  using  the  current  rolays  which 
is  smaller  and  I'^ss  troublesome. 

When  the  box  temperature  increases  and  the  motor  control  closes,   the  compressor  will 
start,  because  the  start  contact  points:  are  open.     The  unit  continues  to  warm  up 
and  defrost.     When  the  user  comes  in  and  opens  the  door,  he  finds  the  box  warm  and  the 
evaporator  defrosted.     He  calls  a  serviceman,  but  the  opening  and  closing  of  the  door  has 

jarred  the  unit  enough  so  that  the  contact  points  close.  When  the  serviceman  gets 
there,  the  unit  is  operating  :.>-rfectly.  Troubles  like  these  can  cause  refrigeration 
servicemen  many  headaches. 


Hot  Wire  Relay 

1.  Name  the  two  types  of  time  delay  relays, 
a .  

2.  Thece  relays  do  not  require  What  safety  device? 
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3.     Name  the  three  disadvantages  of  the  hot  wire  relay. 


b. 
c . 


D.     Read  the  following  paragraph?   and  answer  the  questions. 
Thermal  Relay  (see  figure  Delow). 

This  relay  operates  on  the  principle  that  a  bimetallic  element  will  bend  when  heated. 
With  the  cold  control  open,  both  contact  points  arf?  closed,  as  Illustrated  in  figure 
bolow.     When  the  cold  control  closes,  ^current  comes  In  termial  "L"  and  goes  out  both 
t(»rminals  **M*'  and  *'S."    The  compressor  Is  at  rest  so  there  Is  a  large  current  flow 
through  the  heater  and  the  left-hand  bimetal  strip.     The  bimetal  strip  gets  hot  and  moves 
to  the  right,  opening  the  contact  poiuts.     The  start  windings  are  cut  out  of  the  circuit 
and  the  compressor  continues  to  operate  on  the  run  winding.     There  is  enough  current 
going  through  the  run  winding  to  keep  the  heater  hot  enought  to  keep  the  bimetal  strip 
from  returning  to  its  original  position.    When  the  cold  control  opens,  the  heater  will 
cool  off,  and  the  bimetal  strip  will  return  to  its  original  position. 


Thermal  Relay 

The  overload  protection  is  provided  by  the  right-hand  bimetal  otrlp.     During  normal 
operation,  the  right-hand  contact  points  are  closed.     High  current  flow  will  heat  the 
olmetal  strip,  and  it  will  move  to  the  left,  opening  the  contact  points.     As  soon  as  the 
bimetal  strip  cools  off,  it  will  return  tc  its  original  position. 

1.     The  therKial  relay  operates  on  what  principle? 


How  is  th(>  overload  protection  provided? 
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E.     Read  the  following  paragraphs  and  answer  the  que:itions. 


Solid  State  Relay 

Solid  state  relays  are  rolatiV(?Iy  new  just  being  introduced  to  tho  n<*ld  in  t  ho  pa^t 
few  years.     Thoy  are  primarily  used  to  replace  tbe  current,  hot  wire  and  Lhormal  nMayt; 
which  are  used  on  fractional  horsepower  and  low  torque  motors.     It  is  posslbir  that  one 
relay  would  fit  every  refrigerator  and  most  small  wate  -  coolers  on  an  Air  Fore*?  base. 

The  major  advantages  that  the  sol^d  scate  relay  has  over  the  other  reijij^  are: 

a.  Cost.     Its  cost  is  about  one- fourth  that  of  other  relays. 

b.  Reliability.     Other  relays  have  a  fail-safe  factor  o^  ten  thousand  to  fifteen 
thousand  trouble-free  starts,  whereas  the  solid  state  is  rated  over  fifty  thousand 
trouble-free  starts. 


*****  THEY  DO  NOT  USE  CONTACTS  ***** 


Spade  Connectors 
Tor  Start  Capacitor 


Sclid  State  Starting  Relay 
1.     When  aro  solid  state  st^vMn^^  relays  used? 


2.     Name  the  two  advantages  of  a  solid  state  relay, 
a. 


b. 


F.     Read  the  following  paragraphs  and  answer  the  questions. 
Potential  Relay 

ADVANTAGES.     The  points  open  during  low  current,   thus  reducing*  electrical  arcing. 

DISADVANTAGES.     Potential  relays  are  larger  and  cost  more  than  tho  current  relays. 

APPLICATION.     Systems  use  high-torque  motors  and  automatic  or  thermostat expansion 
valves.     This  relay  is  position  sensitive  to  the  extent  that  it  mast  be  mounted  in  the 
sano  position  as  thv  original   factory  application. 

TYPICAL  POTENTIAL  RELAY  WIRING  CIRCUIT.     A  typical  potential  relay  wiring  circuit  is 
illustrated  <      the  next  page.     This  is  the  wiring  difif/ram  of  a  glass  filter  type*  watcM- 
cooler.     After  thoroughly  studying  this  circuit,  locatfi  and  identify  each  of  "the  ma.for 
components,  terminals  and  electrical  conductors. 
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rotential  Relay 
1.     Namo  the  advantage  of  a  potential  relay. 


2.     Name  the  disadvantage  of  a  potential  relay. 


G.     Read  the  following  paragraphs  and  answer  the  questions. 
OPERATION 

The  freezestat  is  for  safety  purposes  only  and  is  normally  closed.     It  only  opens  if 
the  temperature  of  the  water  drops  down  near  33  F  (see  figure  above),     when  the  thermo- 
stat closes »  current  can  flow  from  the  plu?r-in  cord,  through  the  freezestat  and  thermo- 
stat to  terminal  1.     At  this  moment  three  circuits  are  completed. 

Condenser  Fan  Circuit.     Current  flows  from  terminal   .  through  the  condenser  fan 
motor  to  terminal  L  and  back  to  the  plug-in  cord. 

Run  Circuit.     Current  flows  from  terminal  1  through  the  conductor  strip  to  terminal 
R.     From  terminal  R,  the  current  flows  through  the  conductor  strip  to  the  compressor 
terminal.     From  this  point  it  flows  through  the  run  winding  (in  the  compressor),  out  the 
common  terminal,  through  the  overload,  and  back  to  the  plug-in  cord. 

Start  Circuit.     Current  flows  from  terminal  1  on  the  compressor  terminal  box  to 
terminal  4  on  the  relay.     From  terminal  4  it  flows  through  the  start  capacitor  to  termi- 
nal 1.     From  terminal  1  it  f  Jows  throo^rh  the  contact  points  (which  are  norma]  ly  closed) 
to  terminal  2.     The  applied  voltai^e  is  not  strong  enough  to  force  current  through  the 
small  high  resistance  wire  in  the  coil.     Therefore,  at  this  moment   there  will  be  no  cur- 
rent flow  from  termi^nal  1  to  terminal  5.     Current  flows  from  terminal  2  to  terminal  S 
and  th^n  through  the  start  windings  (in  the  compressor)  to  terminal  C.    From  this  point 
it  flows  through  the  overload  and  out  to  the  plug-in  cord. 

At  ths  moment, the  compressor  motor  starts.    As  the  motor  comes  up  to  about  two-thirds 
of  its  rated  rpm,  the  run  winding  induce;,  a  voltage  into  the  start  windings.  This 
induced  voltage  is  high  enough  to  force  current  to  flow  from  terminal  C  to  terminal  5  and 
through  the  coil  to  terminal  2.     From  terminal  2  the  current  f^.ows  to  terminal  S  and  back 
to  the  start  winding  contact  points  in  the  relay.     The  motor  is  now  operating  on  the  run 
winding  only.    The  contact  points  £.re  kept  open  by  the  voltago  that  the  run  winding 
induces  into  the  start  winding. 
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1.    What  is  the  purpose  of  the  freezestat? 


2.     Name  the  three  circuits  that  are  completed  when  the  thermostat  closes, 


a. 
b. 
c. 


Hosfvrxiirk  in  preparation  for  Day  29 

.f^^ow  paragraphs  from  the  "Mr  -cfriger  tion  and  Air  Conditioning' 

•'■;^;t'ned*ma?Ir?ar"  "''^  material  av. .   an.      r  questions  in  classroom  on  the 

Paragraphs  6-8,  6-9,  6-11.  6-13,  6-14,  6-19,  6-20  and  3-21. 

stop:    you  have  completed  the  assignmentl'  in  preparation  for  day  29. 

Directed  Study  Assignment  to  be  Completed  Prior  to  Day  30 

Operation  and  Construction  Features  of  Icemakors 

A.     Head  tho  following  paragraphs  and  answer  the  questions. 
Ice-Making  Machines 

Several  types  of  machines  are  manufactured  for  making  ice  cubes  or  flakes 

Ice-cube  makers  are 
(2)  tube  type,   (3)  eel 
flakes  are  classed  as 
membrane  type.     These  latter  type 
different  types  of  evaporators 

;,r.  ^°h«^Ii^Ilf^"  '*'^*f:'^^  the  typ;  the  parts  .inarily  found  in  most  ice-making  machineL 
^rr^^^  K  sei-iihermetic  ccrtnr,;  ,j.-r;  a  co  denser  cooled  by  air,  water,  or  a  combl- 

nfarv  t.!h^°^i/"'*  ^  receiver-dr-.-st-ainer.     Ihe  refrigerant  control  can  be  (1)  a  cap- 
illary tube,   (2)  an  automatic  expa.ns  on  val"e.  or  (3)  a  thermostatic  expansion  valvr.  Of 
tnese,   a  system  using  a  thermostatic  expansion  valve  will  require  a  receiver.  Whore 

^^1?^^*  is  used  to  loosen     the  ice,  you  will  find  a  hot-gas  so.enoid  valve.  Tin. 
f^^™-       ^^-.^J^^*^""  1?"^        continuous-flow  or  intermittent.     Also,  the  control  of  tho 
w??h^ho'=f  ^2?  harvest  cycle  wil]  be  on  a  continuous  basis  in  the  rotating-cvlinder  ivp,-. 
traJ  ^f^ii^^f"'*  stopping  of  the  unit  being  the  main  control  function.     An  r.Uon.atic- 

tray  type  will  follow  a  cycle  which  is  timed  in  the  manner  which  we  have  already  Cescrihed 
for  an  automatic  ice-cube  maker  in  a  refrigerator. 

1.     How  are  icemakers  classified? 


2.     What  is  required  on  icemakers  using  thermostatic  expansion  valves? 


Where  evaporator  heat  is  required  to  loosen  the  ice,  you  will  find  a 
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B.     Read  the  following  paragraph;^  and  answer  the  questions. 


Ice-Cube  Evaporators 

The  biggest  diffr^rence  found  anxDng  ice-making  machines  lies  in  the  e  ^aporator  used. 
Because  the  tray- type  evaporator  has  already  been  described,  it  should  give  you  no  diffi- 
culty.   Since  the  main  difference  among  such  machines  lies  in  the  methods  of  ejecting  the 
cubes  from  the  tray  used,  we  will  not  discuss  j t  here;  tube-type  evaporators  will  be  taken 

11  p  f i  rs t .   i n?' t < *ad . 

T^'Vr;  13;h^  Kvaporators.     In  this  arrangement,  tho  evaporator  is  a  tube  within  a  tube. 
W.^.'cr  r>».>4     through  the  inside  tube,  and  refrigerant  flows  through  tho  outside  tube  sur- 
rounding -.ne  inner  tube.     As  more  ice  is  formed,  the  hole  in  the  center  becomes  smaller 
and  resti  :.cts  the  flow  of  water  until  finally  ttie  excess  water  or  water  pressure  triggers 
the  h3^rvest  cycle.     A  hot-gas  solenoid  valve  operates  first,  to  allow  the  evaporatoi:  to 
release  the  ice.     In  one  machine,  the  long  rods  are  cut  into  suitable  lengths.     In  another 
machine,  the  evaporator  tubes  are  chilled  In  sections  so  that  rods  of  the  desired  length 
are  formed  between  the  warm  spots.     Still  another  method  uses  accumulated  water  pressure 
to  eject  the  ice  rod  with  enough  force  to  break  it. 

Cell-Type  Evaporators.     There  are  two  major  variations  of  the  cell-type  evaporator. 
In  one,  the  cell  operates  under  water,  and  when  the  ice  is  released,  it  floats  to  the 
surface,  where  it  is  forced  from  the  tank  by  a  current  of  water.     In  the  other  type, 

^  verted  cells  are  used  which  have  water  sprayed  against  them.     The  ice-forming  period  is 
sol  by  a  timer,  which  then  frees  the  ice  by  hot  gas. 

Plate-Type  Evaporators.     Among  the  variations  of  the  flat-plate  type,  there  is  one 
main  distinction:     the  plate  may  be  either  horizont  al  or  vc^rtical.     For  i?)stance,  in  one 
typo  of  machine    the  horizontal  plate  produces  a  slab  of  ice,  which  is  then  moved  on  to  a 
hot-wire  grid  which  is  heated  electrically.     Here  the  slab  melts  into  individual  cubes, 
which  then  fall  through  into  a  storage  bin. 

Another  such  machine  uses  a  grid  which  is  moved  into  position  agains*  a  vertical 
plate.     After  the  cube  is  formed,  the  grid  is  moved  against  a  knockout  p'Ate  which  ejects 
the  cubes.     In  one  design,  two  vertical  plates  have  r*^tching  cold  spots  which  face  each 
other.     A  unique  feature  of  this  model  is  a  variable  jontiol  over  the  longth  of  the  period 
for  forming  ice.     Within  a  short  period,  the  ice  produced  will  be  like  a  lens.     If  the 
period  is  long  enough,  the  two  opposite  lenses  will  o.ild  a  bridge  to  each  other  and  pro- 
duce a  piece  of  ice  which  looks  like  a  yo-yo. 


1.     What  is  the  biggest  difference  found  in  ice-maki'..^  r  -.'Mnes? 


2.  In  the?  cell- type  icemakers,  ice- forming  period  is  set  by  a    which 

then  frees  the  ice  by 

3.  What  is  ont   main  distinction  using  plate-type  evaporators? 


C.     Read  the  following  paragraphs  and  answer  the  questions. 
Flake- I CO  Machines 

•fhose  units  use  some  evaporators  which  are  s  vA'ar  to  these  of  the  ice-cube  makers, 
but  the  harvesting  method  employed  is  different. 

Platt?-Type  Evaporator.     In  this  type  of  evaporator,  a  thin  Rh*^pt  nf  ice  is  formed  on 
the  plate.     When  the  desired  thickness  is  reechsu,  not  gas  is  directed  to  the  plate  to 
loosen  the  ice,  which  then  pa3<»es  through  a  crusher  or  grinder.    Another  arrangement 
freezes  the  slab  in  a  spring-rietal  grid.     After  it  is  free  of  the  plate,  the  flexible  grid 
is  drawn  over  a  sharp  bekid,  causing  the  ice  to  fracture  into  small  pieces.     A  variation  of 
this  last  method  uses  a  flexible  b«alt  or  membrane  which  passes  over  a  plate  or  a  refrig- 
erated roller.     The  belt  breaks  ixp  its  cargo  by  passing  around  a  sharp  bend. 
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o™?"?'^®r'^^®  Evaporator.     Again,  in  this  type,   tbr  ^any  variations    but  tho 

essential  items  are  a  refrigeratpci  cylinder  and  a  cutt  .r  for  harvest  inir      W  iH  v 

WnSf/ih^?       sP^y^d  on  the  cylinder  continuously.  ting  occurs  ihe  \cv 

becomes  thick  enough  to  contact  the  cutters.     The  m&chir..  continue  to  rr  ke  ice  until 

a  level  is  reached  in  the  storage  bin,  where  the  ice  contuc      a  feeler  whic^    ^  ?urn 
will  stop  the  machine      The  operatio:.  of  the  feeler  is  the  same  as  that  in  thG  storago  bin 

i        ^i^JP^n^^ic  ice-cube  maker.     The  position  of  the  feeler  detexmines  the  amount  of  ice 
which  will  be  stored  in  the  bin  before  the  machine  is  stopped. 

1.  Some  of  the  evaporators  are  similar  to  those  of  the  ice-cube  makers,  but  the 

method  is  different, 

2.  On  thp  cylinder- type  evaporators,  when  does  the  harvesting  occur? 


3.    What  will  cycle  (stop  and  start)  a  flake-maker  ice  machine? 


4.     What  determines  the  amount  of  ice  which  will  be  stored  in  the  storage  bin? 


D.     Read  the  following  paragraph  and  answer  the  question. 
Troubles  in  Ice  Makers 

With  so  many  different  types  of  ice-making  machines    being  used,  you  will  find  that  it 
is  necessary  to  have  the  right  service  manual  for  the  equipment  on  hand  when  you  are  deal- 
ing with  mechanical  troubles  or  needed  adjustments.    You  will  find,  too,  that  after  mech- 
anical problems,  the  water  supply  is  probably  the  next  greatest  source  of  trouble.  Sedi- 
ment, scale,  and  salt  formation  are  problems  which  vary  widely  from  one  locality  to 
another.     In  fact,  under  severe  conditions,  water  treatment  may  be  th2  only  means  of  keep- 
ing an  automatic  ice  maker  in  satisfactory  operation.    On  the  other  hand,  in  sc-ne  locali- 
ties, the  domestic  water  supply  contains  so  much  salt  that  crystals  lodge  in  the  seat  of  a 
faucet,  causing  it  to  drip.    Thus,  such  faucels  in  everyday  use  require  that  incrustation 
DC  removed  from  the  stom  and  gasket  every  2  or  3  month-^. 

1.    Besides  mechanical  problems,  what  is  the  next  greatest  source  of  trouble? 


Explain 


E.  Read  paragraph  12-25  in  the  "Modern  Refrigeration  and  Air  Conditioning"  textbool; 
and  answer  the  questions.  ^ 

1.     The  surface  of  the  evaporator  is  cold  (   )    so  that  the 

water  is  ' 


2.    How  is  ice  formed  in  a  tube-within-a-tube-type  icemakcr? 


Explain  

3.     What  is  the  purpose  of  a  cube-size  control? 


4.    Why  is  it  very  important  that  the  drain  water  be  piped  to  a  drain  with  an  air  break? 
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F.  Read  paragraph  13-17  in  the  '^Modern  Refrigeration  and  Air  Conditioning*^  textbook 
and  ?.nswer  the  questions,  ^ 

1.    What  does  cloudy  ice  curses  indicate? 


2-     What  controls  the  water  flow? 


3.     How  often  should  ice  cube  makers  water  circuit  and  ice  freezing  parts  be  cleaned? 


G.  Read  paragraph  14-54  in  the  "Modern  Refrigeration  and  Air  Conditioning"  textbook 
and  answer  the  question.  ^ 

1.     How  often  should  the  parts  of  the  ice  maker  which  are  in  contact  with  wator  be 
cleaned? 


STOP-     YOU  HAVE  COMPLETED  THE  DIRECTED  fciTUDY  ASSIGNMENT  IN  PREPARATION  FOR  DAY  30. 
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LARGE  CGIMERCIAL  REFRIGERATION  SYSTEMS 
Directed  Study  Assignment  to  toe  Completed  prior  to  Day  31. 

Construction  Features  and  Operating  Principles  of  Walk-in  Boxes  and  Cold  Storage  Plants 

Read  the  following  paragraphs  from  the  "Modern  Refrigeration  and  Air  Conditioning" 
textbook  and  answer  these  questions. 

Paragraphs  13-1,  13-3,   12-27  through  12-29,  12-31  through  12-33,  12-44. 

1.  Cabinet  surfaces  are  either  or  — _ 

and  finishes  are  formulated  for  easy   

2.  The  insulation,  in  new  units,  is  usually    or 

3.  Can  one  (1)  remote  condensing  unit  be  connected  to  more  than  1  unit  of  different 
temperatures?   

4.  What  does  the  term  "knockdown"  mean  when  referring  to  walk-in  boxes? 


5.     Cabinet  doors  are  gasketed  to  make  the  box  watertight.  TRUE/FALSE 
Why?   


6.     The  hot  gas  defrost  system  has  a  direct  refrigerant  line  running  directly  from  the 
compressor  ^o 


Why? 


7.  The  line  is  opened  and  closed  by  a   

8.  Explain  the  purpose  of  the  "pun^J  down  system"  and  how  it  accomplishes  this. 


9.  Defrost  timers  are  not  needed  to  start  and  stop  the  automatic  defrost  cycle • 
TRUE/FALSE. 

10.  The  timers  are  either  1  day,  1  week,  or  1  month  design.  TRUE/FALSE 

STOP!     you  HAVE  COMPLETED  THE  DIRECTED  STUDY  ASSIGNMENT  IN  PREPARATION  FOR  DAY  31. 
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Directed  Study  Assignment  for  Day  32 

Construction  Features  and  Operating  Principles  of  Large  Reach-In  Boxes,  Display  Cases 
and  Ice  Cream  Cabinets  *  * 

Read  the  following  paragraphs  from  the  "Modern  Refrigeration  and  Air  Conditioning" 
textbook  and  answer  these  questions. 

Paragraphs  13-2,   13-5  through  13-12. 

1.  What  type  of  evaporator  is  used  in  reach-in  cabinets,  usually? 

2.  The  exterior  of  the  reach-in  is  constructed  of   

 I  ,  and  

3.  What  is  the  purpose  of  the  blower? 


4.  Temperaturs  in  the  display  case  is  determined  by   

5,  Why  are  electric  lights  for  the  display  case  usually  installed  outside  the  case? 


6.     The  three  (3)  types  of  display  cases  are: 
a. 


b. 


c. 


7.     Where  may  the  evaporator  be  located  in  a  display  case? 
a. 


b. 


c.  ^  

8.     If  bulk  ice  cream  is  kept  at  -20°F.,  what  problems  might  be  encountered? 


9.  Ice  cream  cabinets  may  be  either  self-contained  or  remote.  TRUE/FALSE 

10.  What  temperature  should  packaged  ice  cream  be  kept  at?   
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Construction  Features  and  Operating  Principles  of  Multiple^Evaporators  and  Multiple- 
Compressor  Systems 

A.     Read  the  following  paragraphs  and  answer  the  questions. 

Multiple  Evaporator  Systems 

Multiple  evaporator  systems  are  installed  for  economy  and  to  save  space.     It  is 
cheaper  to  operate  one  compressor  to  control  the  temperature  of  two  or  more  evaporators 
than  to  operate  a  compressor  for  each  evaporator.     Also,  having  one  unit  that  has  two  or 
mi>re  temperature  ;;reas  takes  less  space  than  a  compressor  for  each  temperature  area. 

Classifications  of  Multiple  Evaporator  Systems 

Generally,  multiple  evaporator  systems  fall  in  one  of  two  groups.     First,  where  all 
evaporators  have  the  same  temperature.     This  is  the  simplest,  although  not  the  most  com- 
mon in  use.     Second,  where  each  evaporator  has  a  different  temperature.     This  application 
is  found  in  most  multiple  installations. 

Applications  of  Multiple  Evaporator  Systems 

Multiple  evaporator  units  are  often  installed  in  restaurants,  soda  fountains,  bars, 
meat  and  produce  markets,  and  other  places  where  the  use  of  more  than  one  refrigeration 
fixture  is  a  necessity. 

It  must  not  be  assumed  that  any  two  or  more  evaporators  may  be  connected  in  multiple 
without  regard  to  size,  usage,  humidity  requirement,  temperature,  and  similar  conditions. 
There  are  some  combinations  that  will  not  give  satisfactory  service  and  must  be  avoided. 
However,  there  is  no  concrete  information  that  will  apply  in  all  cases,  but  there  are 
certain  conditions  and  rules  that  must  be  followed  to  insure  a  servicable  installation. 

1.  What  are  the  classifications  of  multiple  evaporator  systems? 

a.  

b.  

2.  Where  might  you  find  multiple  evaporator  units  installed? 


B.     Read  the  following  paragraph  and  answer  the  questions. 

Single  Temperature  Evaporator  System 

A  multiple  evaporator  system  may  be  operated  as  a  single-temperature  system.  This 
means  that  all  evaporators  will  have  the  same  temperature  range.     In  this  case,  the  needs 
of  each  evaporator  will  be  controlled  by  a  single-pressure  control  or  thermostat.  When 
all  evaporators  have  been  satisfied,  the  compressor  will  pull  the  pressure  in  the  common 
suction  line  down  to  the  cutout  point  of  the  pressure  control.     The  pressure  control  con- 
tacts then  open,  stopping  the  operation  of  the  system.     As  the  pressure  builds  up  in  the 
evaporators,  it  also  builds  up  in  the  common  suctiou  line.    When  the  pressure  in  the  com- 
mon suction  line  reaches  the  "cut-in"  setting  on  the  pressure  control,  the  pressure 
control  contacts  close  and  the  compressor  starts.    When  all  evaporators  are  satisfied, 
the  compressor  shuts  off  after  the  common  suction  line  pressure  drops  to  the  cutout 
point  set  on  the  pressure  control.     This  is  a  continuous  process. 
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Single  Temperature  Evaporator  System 
1.    On  a  single  temperature  system,  what  controls  the  box  temperature? 


How? 


2.    What  cycles  the  compressor? 
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C.     Read  the  following  paragraphs  and  answer  the  questions. 


Multi-Temperature  Evaporator  Systems 

The  successful  installation  and  operation  of  multiple  systems  requires  the  considera- 
tion of  each  application.     The  units  give  more  efficient  operation  when  installed  close 
to  each  other.     The  following  suggestions  will  be  found  useful    as  a  guide.    Due  to  the 
large  number  of  possible  multiple  combinations,  it  is  impossible  to  give  a  specific  set 
of  rules  and  expect  them  to  apply  in  all  cases;  therefore,  it  must  be  understood  that 
there  will  be  exceptions  to  the  following  rules: 

1.  The  coldest  evaporator  must  comprise  more  than  half  the  total  heat  load,     if  the 
warmer  evaporator  comprised  the  largest  part  of  the  load,  the  condensing  unit  would 
be  operating  at  the  higher  suction  pressure  most  of  the  time.    The  condensing  unit 
would  not  be  able  to  bring  the  colder  box  down  to  the  correct  temperature. 

2.  The  condensing  unit  must  be  selected  to  operate  at  the  lowest  suction  pressure  of 
the  coldest  evaporator.     Since  the  colder  evaporator  constitutes  the  major  part  of 
the  load,  the  compressor  will  be  operating  at  that  pressure  most  of  the  time.  This 
is  another  case  where  it  must  be  remembered  that  the  efficiency  of  a  compressor 
decreases  as  the  suction  pressure  decreases. 

3.  Each  evaporator  must  be  selected  for  a  given  temperature  and  humidity.     The  selec- 
tion is  made  just  as  if  each  evaporator  is  connected  to  its  own  compressor. 

4.  A  special  control  is  necessary  where  the  temperature  difference  between  the  coldest 
and  warmest  evaporator  is  more  than  5°F.     This  control  must  be  either  an  evaporator 
pressure  regulator  or  solenoid  valve.     If  the  evaporator  temperature  is  the  same, 
but  one  refrigerator  is  used  more  than  the  other,  a  control  should  be  placed  in  the 
suction  line  of  the  refrigerator  with  the  least  usage. 

5.  A  snap-action  control  must  be  used  if  defrosting  on  the  "off"  cycle  is  desired. 

6.  Connect  the  coldest  evaporator  closest  to  the  compressor. 

7.  A  check  valve  should  be  located  in  the  suction  line  between  the  outlet  of  the  evap- 
orator and  the  common  suction  line  on  all  but  the  warmest  evaporator-     Check  valve 
will  prevent  warm  refrigerant  gas  from  flowing  into  a  colder  evaporator  coil. 

8.  Thermostatic  expansion  valves  should  be  used  when  direct  expansion  evaporators  are 
installed. 

9.  The  liquid  and  suction  lines  must  be  sized  according  to  the  need  as  if  all  evapora- 
tors were  demanding  refrigerant  at  the  same  time. 

10.  A  multiple  system  will  operate  more  efficiently  when  the  temperature  differgnce 
between  the  coldest  and  warmest  temperature  evaporators  is  not  more  than  25  F. 

Why  is  it  not  rcconmended  that  on  a  multi-temperature  multi-evaporator  system  the 
warmest  box  be  the  largest  portion  of  the  total  heat  load? 


What  is  the  recommended  distribution  of  the  multi-temperature  multi-evaporators 
in  percentage  of  heat  load  capacities? 


Where  should  the  coldest  evaporator  be  located  on  a  multi-temperature  system? 


Why? 
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Where  should  check  valvos  be  installed  on  multiple  temperature  multiple  ovanorat 
syst<?ms?  ' 


What  is  their  function? 


D.     Read  the  following  paragraph  and  answer  the  question. 
Solenoid  Valves 

Solenoid  valves  are  used  extensively  in  multiple  installations  in  place  of/or  with 
evaporator  pressure  regulating  valves.    As  you  remember,  evaporator  pressure  regulating 
valves  can  keep  the  temperature  in  a  refrigerated  space  from  dropping  too  low  by  main- 
taining a  constant  pressure  in  the  evaporator.    The  operation  of  a  liquid  line  solenoid 
valve  is  as  follows.     Assume  that  the  thermostats  call  for  cooling,  and  that  the  compres- 
sor is  operating  on  all  of  the  evaporators.    When  one  thermostat  is  satisfied,  its  con- 
tacts open  and  that  solenoid  closes  the  liquid  line  to  that  evaporator.    The  compressor 
pumps  the  refrigerant  from  that  evaporator  and  continues  to  operate  on  the  others.  As 
each  thermostat  is  satisfied,  its  solenoid  closes  and  finally  when  all  valves  are  closed 
the  compressor  is  stopped  by  the  low  pressure  motor  control. 

1.    Where  are  solenoid  valves  used  extensively? 


E.     Read  the  following  paragraphs  and  answer  the  questions. 
Solenoid  Valve  Selection 

The  type  of  control  application  requires  definite  information  concerning  the  valvt* 
selection.     The  fluid  to  be  controlled,  capacity  needed,  maximum  working  pressure,  maxi- 
mum operating  pressure  differential  (MOPD),  and  electrical  characteristics  are  factors 
that  must  be  known. 

The  selection  of  a  valve  depends  on  whether  it  is  used  on  liquid  or  gas,  as  the 
specific  volume  of  a  gas  varies  with  pressure  and  temperature.    The  capacity  of  a  valve 
is  given  in  tons  of  refrigeration  with  a  2-4  psi  pressure  drop  across  the  valve  for 
liquid  and  1  psi  for  gas. 

The  BIPOD  is  the  pressure  against  which  the  solenoid  will  operate  the  valve.  This 
pressure  is  measured  between  the  inlet  and  outlet  of  the  valve  when  it  is  closed.  The 
valve  rating  must  be  equal  to  or  better  than  the  maximum  operating  pressure  of  the  sys- 
tem.    The  electrical  characteristics  include  voltage,  phasing  and  cycles. 

1.     What  is  MOPD? 


Explain. 


2.     How  is  MOPD  measured? 


F.    Read  the  following  paragraph  and  answer  the  question. 
Mul t  i-Comp  resso  r 

Multiple  refrigeration  systems  cover  a  lot  of  territory  and  can  include  a  simple 
multiple  evaporator  system  to  a  multiple  temperature,  multiple  compressor  cold  storage 
plant  system.    These  systems  will  be  found  at  nearly  every  DSAF  installation  in  the 
world.     These    types  of  systems  may  also  be  found  in  air  conditioning  applications,  but 
are  being  replaced  with  more  economical  forms  of  air  conditioning,  such  as  absorption 
and  centrifugal  systems.    The  advantages  of  multiple-type  systems  are  numerous. 
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  Economy  of  operation  at  low  levols. 

  Partial  operation  in  case  of  unit  breakdown. 

  Greater  capacity  control. 

  Universal  parts  replacement. 

  Longer  life  span  of  the  system. 


1.    Name  five  (5)  advantages  of  multi-compressor  systems. 

a .  

b.  ,  

c.  

d.  

e.  ,  

G.     Read  the  following  paragraphs  and  answer  the  questions. 

Of  course,  there  are  some  disadvantages: 

  Initial  cost  of  installation. 

  Complexity  of  operation  and  servicing. 

  Refrigerant  gas  and  oil  complications. 

As  a  service  specialist,  these  problems  can  be  overcome  if  you  follow  the  basic 
refrigeration  cycle  and  remember  the  special  requirements  for  these  types  of  systems. 
The  roost  common  is  that  the  oil  equalizer  line  must  be  located  below  the  minimum  oil 
lovel  and  the  gas  (crankcase  pressure)  equalizer  line  MUST  BE  LOCATED  ABOVE  THE  MAXIMUM 
OIL  LEVEL.     Ultra  low  temperatures  can  be  achieved  with  special  refrigeration  systems, 
such  as  Direct  Compounding  (Staging  Compressors).     This  overcomes  the  volumetric  defici- 
ency that  is  a  problem  with  ultra  low  temperature  systems*    Another  way  of  achieving 
ultra  low  temperatures  is  the  Cascade  System  which  is  two  separate  refrigeration  systems 
where  the  compound  system  is  two  or  more  compressors  piped  in  series  (discharging  direct 
ly  into  a.  second  compressor  or  even  into  a  third).     The  Cascade  System  involves  a  refrig 
eration  system  that  uses  an  evaporator  to  act  as  the  conoenser  (condenser-evaporator) 
for  the  primary  system.    These  systems  are  independent  of  each  other  and  use  different 
refrigerants  such  as  R-12  in  the  secondary  system  and  R-13  or  some  other  azeotropic 
refrigerant  in  the  primary  system. 

These  types  of  systems  are  being  used  more  and  more  today.     The  Air  Force  has  them 
at  research  bases  for  testing  new  weapons  systems  and  the  civilian  industry  is  using 
these  systems  not  only  in  the  freeze-dried  industry  but  also  in  special  manufacturing 
processes. 

1.     Name  three  disadvantages  of  multi-compressor  systems. 

a.   .  - — 


b. 
c. 


2.    What  are  the  requirements  one  must  keep  in  mind  when  installing  the  oil  equalization 
line  and  the  crankcase  pressure  equalizer? 


Homework  in  preparation  for  Day  32. 


Read  the  following  paragraphs  from  the  **Modern  Refrigeration  and  Air  Conditioning" 
textbook.    Be  prepared  to  discuss  material  and  answer  questions  in  classroom  on  the 
assigned  material . 

Paragraphs  5-19,  5-20,  S^-SO,  5-31,   12-2,  12-3,   12-45  thru  12-54. 

STOP  I     YOU  HAVE  COMPLETED  THE  ASSIGNMENTS  IN  PREPARATION  FOR  DAY  32. 
Directed  Study  Assignment  in  Preparation  for  Day  33 

Procedures  for  Installing     Multiple  Compressor  and  Installing  Multiple  Evaporator 
SystGiTis 

A.     Read  the  following  paragraphs  from  the  "Modern  Refrigeration  and  Air 
Conditioning**  textbook  and  answer  these  questions. 

Paragraphs  14-1,  14-3,  14-9  through  14--13. 

1.    What  should  the  2  major  concerns  be  on  a  commercial  installation? 


2.     List  the  10  basic  installation  steps  for  a  commercial  unit. 

a.  

b.  

c.  

d.  

e.  

f .  

g-   .  

h.  

i . 


3.     What  are  the  4  methods  to  check  for  leaks  in  a  system? 

a.  

b.  

c.  

d. 


4.    What  are  the  2  basic  methods  of  charging  a  multiple  commercial  system? 

a.  

b.  
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Purpose  and  Principle  of  Operation  of  the  Evaporator  Pressure  Regulator  Valve  (EPR) 

A.    Read  the  following  paragraphs  and  answer  the  questions. 

EVAPORATOR  PRESSURE  REGULATOR  MULTI^TEMPERATURE  SYSTEM 

The  refrigerant  flow  is  controlled  by  evaporator  pressure  regulators  in  this  system. 
The  evaporator  pressure  regulator  CEPR)  valve  is  the  oldest  and  perhaps  best  known  of 
ihcso  suction  line  controls.     Its  sole  function  is  to  prevent    the  evaporator  pressure 
from  falling  below  a  predetermined  pressure  for  which  the  regulator  has  been  set.  The 
EPR  maintains  a  constant  pressure  in  the  evaporator  coil.     It  may  be  used  on  a  multiple 
system  to  maintain  certain  minimum  pressures  on  individual  evaporators. 


Operation  of  the  EPR 

When  the  cutout  temperature  of  an  evaporator  is  determined,  the  EPR  valve  is  adjusted. 
As  the  compressor  operates  the  pressure  in  the  evaporator  is  lowered.    When  it  reaches 
the  cutout  point  of  the  evaporator,  the  valve  will  close.     This  stops  the  flow  of 
refrigerant  through  this  evaporator.     As  the  temperature  and  pressure  rises  in  the 
evaporator,   (it  tends  to  force  the  valve  off  its  seat).    This  will  hold  the 
evaporator  pressure  constant  because  of  the  gradual  movement  of  refrigerant.     If  the 
gradual  flow  of  refrigerant  is  sufficient  to  make  the  pressure  in  the  common  suction  line 
increase  to  the  cut-in  point  of  the  motor  control,  the  compressor  will  operate.     This  will 
pull  the  pressure  down  to  the  cutout  point.     If  there  is  a  rapid  evaporator  pressure 
increase  because  of  the  addition  of  a  high  heat  load,  the  valve  will  open  all  the  way. 
This  directs  the  evaporator  pressure  to  the  common  suction  line  where  it  is  pulled  down 
to  the  cutout  point  of  the  compressor.     The  valve  will  close  when  the  evaporator  is  cold 
enough. 

1.    What  is  the  sole  function  of  an  EPR  valve? 


The  EPR  maintains  a 


in  the  evaporator  coil. 
3.     What  must  be  determined  to  adjust  the  EPR? 


B.  Read  the  following  paragraphs  from  the  "Modern  Refrigeration  and  Air  Conditioning'' 
textbook  and  answer  these  questions. 

Paragraphs  12-45  thru  12-54;  12-56 

1 .     What  is  another  name  for  a  two- temperature  valve?  .  

or  ' 


Operation  of  Multi  Evaporator  Systems 

Read  tUe  following  paragraphs  and  answer  the  questions. 

Single  Temperature  System.     Since  all  the  refrigerated  compartments  in  this  system 
operate  at  the  same  temperature,  the  compressor  must  be  cycled  by  a  low  pressure  motor 
control  rather  than  a  thermostat.    The  low  pressure  motor  control  will  sense  the  pressure 
in  the  common  suction  line  that  is  connected  to  all  the  evaporators  in  the  system,  cut  in 
the  compressor  when  the  evaporators  reach  the  highest  desired  temperature,  and  cut  out 
the  compressor  when  the  evaporators  reach  the  lowest  desired  temperature.    Using  the 
pressure  of  the  common  suction  line  to  cycle  the  compressor,  the  system  acts  like  a  single 
ovuporator  system. 
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•  How  is  tho  compr(»ssor  cycled  on  a  multi*evaporator,  single*  tompernluro  systom? 


To  set  the  low  pressure  motor  control  to  operate  a  single  temperature  multi  evaporator 
system,  you  could  simply  convert  the  desired  cut-in  and  cut-out  evaporator  temperatures 
to  pressure  and  adjust  the  pressure  control  to  the  correct  settings.     (Example:     If  your 
desired  cut-in  box  temperature  is  45  F,  and  your  desried  cut-out  box  temperature  is  35°, 
you  would  convert  45  F  to  42  psig  and  adjust  the  low  pressure  motor  control  cut-in  to  that 
pressure.    While  the  unit  is  operating,  there  is  a  10  F  temperature  difference  between  the 
box  temperature  and  evaporator  temperature,  so  you  would  convert  25    evaporator  tempera- 
ture to  25psig,  and  adjust  the  pressure  control  cut  out  to  that  pressure,  usinjr  R-12. 

A  drawback  to  using  this  quick  method  of  setting  the  low  pressure  motor  control   Is  iho 
possibility  of  a  pressure  drop  between  the  evaporator  and  the  pressure  control.     If  your 
svstem  has  a  3  psi  pressure  drop,  the  box  temperatures  would  operate  too  warm    by  about 
5°F. 

1.    What  is  a  disadvantage  to  using  the  quick  pressure/evaporator  temperature  coriversion 
method  to  adjust  a  low  pressure  motor  control? 


A  more  time  consuming,  but  more  exacting  method  of  adjusting  the  low  pressure  motor 
control  is  to  operate  the  system,  and  using  a  thermometer  located  inside  the  refrigerated 
space,  allow  the  unit  to  warm  up  to  the  cut-in  box  temperature,  and  adjust  the  pressure 
control  to  cut  the  unit  in  at  that  temperature «    Allow  the  system  to  cool  down  to  the 
desired  cut  out  box  temperature  and  adjust  the  pressure  control  again  to  cut  the  unit  out 
at  that  temperature. 

1.     What  is  the  advantage?  to  using  the  operational  method  to  adjust  a  low  pressure  motor 
control? 


The  expansion  valve  on  each  evaporator  in  this  system  must  be  balanced  with  each 
other,  that  is,  they  all  must  operate  at  the  same  superheat  setting.    The  best  way  to 
adjust  the  superheat  setting  of  the  valves  so  that  they  are  identical  is  to  remove  each 
of  them  from  the  system  and  calibrate  them  on  an  ice  bath  test  stand. 

1.    Why  should  the  thermostatic  expansion  valves  on  a  single  temperature,  multi  evaporator 
system  be  calibrated  on  an  ice  bath  test  stand? 


STOP!     YOU  HAVE  COMPLETED  DIRECTED  STUDY  ASSIGNMENT  IN  PREPARATION  FOR  DAY  33. 
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Di  nxrted  Study  AsslRnmnnt  in  Pn^paration  Cor  Day 


Road  the  followinR  paraRruphs  and  answer*  the  qu(\sLions.    Bo  prcjpaiod  to  discuss  this 
inrnrmatU>n  in  class. 

Evaporator  Pressure  Regulator  Adjustment 

It  was  explained  in  an  earlier  lesson  that  evaporator  pressure  regulator  valves  are 
installed  in  the  suction  line  of  the  warmer  evaporators    and  thereby,  increasing  its 
temperature.    When  adjusting  an  EPR  valve,  turning  the  adjustment  clockwise  will  increase 
the  evaporator  pressure  and  temperature.    A  counter-clockwise  adjustment  will  result  In 
a  lower  evaporator  pressure  and  temperature.    Modulating  type  EPR  valves  are  adjusted  to 
the  lowest  desired  evaporator  temperature  converted  to  pressure.  Remember,  there  is  a 
10  F  temperature  difference  between  box  temperature  and  evaporator  temperature. 

1.    How  is  an  EPR  valve  adjusted  to  lower  the  evaporator  pressure? 


There  arc  two  methods  used  to  adjust  an  EPR  valve.     The  quick  method  is  where  you  sub- 
tract 10  F  from  the  lowest  desired  box  temperature,  convert  to  pressure,  and  adjust  the 
EPR  valve  to  that  pressure. 

The  otber  method  which  is  slower,  but  more  accurate  is  to  use  the  refrigerated  space 
thermometer  and  adjust  the  EPR  valve  as  required  to  prevent  the  box  temperature  from 
dropping  below  the  desired  value. 

1.    When  using  the  quick  method  to  adjust  an  EPR  valve,  why  is  10°F  subtracted  from  the 
lowest  desired  box  temperature? 


While  operating  a  multi-temperature  system,  you  may  encounter  a  stuck  EPR.     It  may 
be  stuck  open  or  closed.     If    the  EPR  is  stuck  closed,  you  will  notice  the  box  tempera- 
ture is  too  high,  and  the  suction  pressure  will  be  below  normal  or  in  a  vacuum.    A  stuck 
open  EPR  would  be  indicated  by  a  too  cold  box  temperature.     The  suction  pressure  would  be 
low  this  time  too,  but  not  in  a  vacuum.     To  service  a  stuck  EPR  valve,  you  would  clean 
or  replace  it. 

1.    How  is  a  stuck  closed  EPR  valve  indicated? 


2-    How  do  you  service  a  stuck  EPR  valve? 


Operation  of  Multi-Compressor  Systems 

Read  chapters  3-13  in  i.the  »»Modern  Refrigeration  and  Air  Conditioning"  textbook,  and 
answer  the  following  questions. 

1.    What  is  the  purpose  for  using  a  multi-compiessor  or  modulating  system? 
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2.    Using  a  modulating,  or  a  multi-compressor  system,  during  operation*  describe  what 
would  happen  if  the  heat  load  increases  and  the  temperature  begins  to  rise. 


What  is  the  purpose  of  the  special  switching  device  in  the  pressure  control  in 
figure  3-13? 


Read  chapter  12-4  in  the  "Modern  Refrigeration  and  Air  Conditioning"  textbook.  List 
the  types  of  two-motor    compressor  designs,  and  explain  each  design. 


stop:   you  have  completed  directed  study  assignment  in  preparation  for  day  34. 

Directed  Study  Assignment  iri  r*-eparation  for  Day  35, 

Read  the  following  paragraphs  and  answer  the  questions.    Be  prepared  to  discuss  the 
information  in  class. 

Multi-Temperature  System.    Bettause  the  refrigerated  compartments  of  this  system  are  ^ 
operating  at  different  temperatures  and  are  using  only  one  condensing  unit,  temperature 
and  pressure  control  are  more  complicated  and  more  control  devices  are  required. 

Control  of  the  various  temperature  ranges  in  this  system  is  accomplished  by  a  ther- 
mostat liquid  line  solenoid  valve  arrangement.    Each  refrigerated  space  will  have  a 
thermostat,  and  the  liquid  line  to  each  evaporator  will  have  a  solenoid  valve  which,  when 
deenergized,  will  block  the  flow  of  refrigerant  to  that  evaporator,  effectively  shutting 
that  evaporator  off.  The  box  thermostat  is  wired  in  series  with  its  solenoid  valve.  When 
the  thermostat  calls  for  its  space  to  be  cooled,  the  thermo^stat  contacts  close,  energiz- 
ing the  solenoid  valve  to  that  evaporator.    Refrigerant  is  now  allowed  to  be  metered  to 
the  evaporator,  and  the  box  temperature  will  reduce  until  it  reaches  the  temperature  at 
which  the  thermostat  contacts  open,  deenergizing  the  solenoid  valve,  stopping  the  flow 
of  refrigerant  to  that  evaporator.    When  all  the  different  temperature  areas  have  been 
satisfied,  the  low  side  pressure  will  have  dropped  enough  for  the  condensing  unit  to 
cycle  off  on  the  low  pressure  control. 

1.    How  is  the  temperature  in  the  different  refrigerated  spaces  controlled  in  the  multi- 
temperature  system? 


2.    What  component  .shuts  off  the  evaporator  when  the  refrigerated  space  is  down  to 
desired  cut-out  tomporature? 
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3.    What  happens  when  all  the  refrigerated  spaces  are  satisfied? 


There  are  two  operational  controls  that  have  to  be  adjusted  for  proper  operation  of 
the  multi-temperature  system. 

The  refrigerated  space  thermostat  must  be  set  to  stop  refrigerant  flow  when  Ihe 
lowest  desired  temperature  is  reached,  and  begin  refrigerant  flow  «hen  the  highest 
desired  temperature  is  reached.     There  are  different  ways  to  adjust  a  thermostat  depend- 
ing on  the  manufacturer.    On  some  types,  you  set  the  cut-out  temperature,  and  then  by 
adjusting  the  differential  you  also  set  the  cut-in  temperature.     Other  manufacturers 
build  a  cut-in.  and  cut-out  adjustment  on  the  thermostat. 

1.    What  does  the  refrigerant  space  thermostat  control? 


2.     Using  the  cut-out  and  differential  type  thermostat,  how  is  the  cut-in  set? 


The  other  operational  control  that  must  be  adjusted  on  the  multi-temperature  system 
is  the  low  pressure  motor  control.     In  comparison,  on  the  single  temperature  system, 
this  control  is  used  to  control  the  refrigerated  space  temperatures.     In  the  multi- 
temperature  system,  temperature  coitttrol  is  accomplished  by  the  thermostat  -solenoid 
valve  circuit,  and  the  low  pressure  motor  control  is  used  to  shut  off  the  condensing 
unit  after  all  the  evaporators  have  been  shut  off.     The  pressure  control  should  be 
adjusted  to  shut  down  the  unit  before  the  system  goes  into  a  vacuum      It  is  normally 
adjusted  to  cut  out  the  unit  when  the  suction  pressure  drops  to  within  a  range  of  1-a 
psig.     The  cut-in  of  the  low  pressure  motor  control  on  this  system  is  adjusted  to  the 
suction  pressure  equal  to  the  highest  desired  temperature  of  the  °°ldest  refrigerated 
space.     Remember  to  adjust  the  cut-in  first.    This  method  of  adjusting  the  low  pressure 
motor  control  will  prevent  the  condensing  unit  from  short  cycling  during  the  off  cycle. 

1.     Compare  the  use  of  the  low  pressure  motor  contorl  on  the  two  multi-evaporator 
systems . 


2.     On  the  raulti- temperature  system,  the  cut-in  is  adjusted  to  what  value? 


3.    On  the  same  system,  the  cut-out  is  adjusted  to  what  value? 


4.    On  the  low-pressure  motor  control  which  adjustment  is  always  set  first,  the  cut-in 
or  the  cut-out? 
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3770  Technical  Training  Group  SG/WB  J3ABR54530-001-IV-1 

(Civil  Engineering  Training) 
Sheppard  Air  Force  Base,  Texas 

CIVIL  ENGINEERING  MAINTENANCE  MANAGEMENT 

OBJECTIVE 

This  study  guide/workbook  will  acquaint  you  with  basic  facts  and  terms  related  to 
Civil  Engineering  Maintenance  Management  functions. 

INTRODUCTION 

The  primary  mission  of  Civil  Engineering  activities  is  to  acquire,  construct, 
maintain  and  operate  real  property  facilities,  and  provide  related  management, 
engineering  and  other  support  work  and  services. 

DIRECTED  STUDY  AND  HOMEWORK 

Assignment  in  preparation  for  Day  36.     Read  the  following  paragraphs,  ans'ver  all 
questions  and  be  prepared  to  discuss  the  material. 

AFR  85-10,  Operation  and  Maintenance  of  Real  Property,  states  that  "...effort 
required  to  carry  out  the  Civil  Engineering  mission  and  functions  depends  on  the  proper 
balance  of .. .military  and  civilian  personnel ... "the  military  element  of  this  force, 
which  ordinarily  acts  as  an  integral  part  of  the  total  work  force,  is  used  with  the 
civilian  element  (through  established  work  centers)  in  doing  any  authorized  base  civil 
engineer  work. 

Military  personnel  are  used  primarily  for  direct  combat  support  roles  in  support  of 
the  Air  Force  mission  under  the  Prime  Base  Engineer  Emergency  Force  (Prime  BEEF) 
concept.     The  Prime  BEEF  program  is  designed  to  identify,  organize,  equip,  and  train  the 
military  element  of  base  civil  engineer  personnel  resource.     Military  personnel  are  used 
in  direct  mission  support,  as  well  as  areas  cited  for  civilians,  when  not  deployed  to 
satisfy  other  mission  requirements. 

Work  task  of  military  personnel  should  be  diversified  enough  to  maintain  competence 
necessary  for  these  personnel  to  carry  out  their  direct  combat  support  roles. 

Civilian  personnel  are  used  primarily  to  perform  maintenance  and  repair  incident  to 
the  maintenance  of  real  property  facilities,  structures  and  equipment,  and  to  operate 
the  base  utility  a^ystem.     Civilians  may  also  be  used  to  perform  minor  construction,  to 
do  repairs  not  incident  to  maintenance,  and  to  do  other  related  work. 

QUESTIONS 

1.     The  Prime  BEEF  program  is  designed  to   ■  '  ■     •    •  ■  ' 


2.     Civilian  personnel  are  used  primarily  to  perform  maintenance  and 


AFR  85-1,  Resource  and  Work  Force  Management,  identifies  work  to  be  done  in  six 
areas  of  responsibility.     However,  at  this  point  you  need  only  be  concerned  with  three 
of  these  areas. 

The  Job  Order  System  is  a  fast  way  to  authorize  work  that  does  not  require  detailed 
planning.     The  system  indicates  emergency,  urgent,  and  routine  precedence  work  calls. 
Also,  there  is  included  in  this  system.  Structural  Maintenance,  Repair  Team  (SMART),  and 
Military  Family  Housing  renovation  job  orders,  which  will  not  be  discussed  here. 

Service  calls  are  generated  by  customer  telephone  requests  which  are  identified  on 
AF  Form  1879,  BCE  Job  Order  Record. 
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BCE  authorized  work  to  be  done  by  DCE  work  orders  and  BCE  job  orders.     AF  Form  327 
^BCE  Work  Orders)  is  used  to  authorize  work  that  needs  detailed  planning.     It  is  a  way 
to  control  large  complex  jobs.     AF  Form  332  (BCE  Work  Request)  is  used  to  request  minor 
construction  work  and  authorize  self-heip  work  (construct  sidewalks,  install  alarm 
systems,  etc.)-     AF  Form  1135  (BCE  Real  Property  Maintenance  Request)  is  used  for 
maintenance  and  repair  of  real  property  equipment  which  is  of  a  routine  priority  only 
(replace  door,  repair  flooring,  repair  or  replace  window,  etc.)* 

QUESTION 

How  are  service  cal Is  received  by  BCE? 


When  received  by  telephone,  service  calls  are  authorized  by  Service  Call  specialist 
(SCS)  on  AF  Form  1879,  Job  Order.     Other  job  order  work  requests  are  prepared  by  the 
Customer  Service  Unit  (CSU),  also  on  AF  Form  1879. 

Emergency  or  urgent  job  order  precedence  is  assigned  to  conditions  that  require 
rapid  corrective  action. 

Any  work  required  to  correct  a  condition  that  is  detrimental  to  the  mission  or 
reduces  operational  effectiveness  is  deemed  to  be  an  emergency  situation.     When  reported 
emergency  service  calls  are  serviced  as  soon  as  possible,  at*J  must  be  completed  within 
forty-eight  hours  of  having  been  reported. 

Urgent  job  orders  identify  work  that  is  not  emergency  in  nature,  but  work  must  be 
accomplished  within  five  work  days. 

QUESTIONS 

1.     What  is  the  criterion  used  to  determine  an  emergency  service  call?    Within  how  many 
hours  must  an  emergency  service  call  be  completed? 


2.     Urgent  service  calls  must  be  completed  within 


Routine  job  orders  are  accumulated  by  geographical  area  and  scheduled  as  work 
packages  rather  than  individual  job  orders,  and  are  serviced  within  thirty  days  of 
receipt  on  a  first-in,  first-out  basis. 

QUESTION 

Routine  work  orders  should  be  assigned  by  • 

Materials  required  for  a  particular  job  are  controlled  by  the  BCE  Material  Control 
Section.     A  material  control  section  within  BCE  is  charged  with  the  responsibility  to 
process  requests  for  material,  monitor  the  status  of  requirements,  and  provide  informa- 
tion on  the  availability  of  materials. 

BCE  Material  Control  Section  retains  job  or  work  order  material  in  a  "holding  area." 
A  holding  areu  is  a  storage  facility  for  material  or  equipment  required  to  accomplish  a 
particular  job-     All  materials  for  work  or  job  orders  are  stored  in  the  holding  area 
except  items  on  bench  stock  or  minimum  reserve  authorization  (MRA)  list.     When  job  has 
been  scheduled  for  accomplishment,  materials  are  released  to  each  appropriate  shop. 
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3770  Technical  Training  Group 
(Civil  Engineering  Training) 
Sheppard  Air  Force  Base,  Texas 


SG/WB  J3ABR54530-001-IV-2 


FUNDAMENTALS 


OBJECTIVE 


To  familiarize  you  with  types  and  purpose  of  air  conditioning  equipment,  procedures 
for  installing  air  conditioning  equipment,  psychrometrics,   insulation,   filters,  fans, 
air  flow  instruments  and  maintenance  of  fresh  air  systems. 

INTRODUCTION 

Air  conditioning  is  defined  as  "that  process  used  for  the  control  of  temperatures, 
humidity,  filtration,  and  circulation  of  air."    Air  conditioning  is  playing  a  more 
important  part  in  man's  environment.     His  home,  automobile,  business  and  recreational 
locations  are  air  conditioned  in  order  that  the  maximum  comfort  may  be  maintained, 
increasing  the  efficiency  of  the  activity  being  performed. 

Air  conditioners  are  designed  to  fulfill  the  definition  that  "air  conditioning  is 
the  control  of  temperature,  humidity,  filtration,  and  circulation  of  air."  There  are 
several  applications  for  air  conditioners,   they  include: 

Types  and  Purpose  of  Air  Conditioning  Equipment 

There  are  four  types  and  purposes  of  air  conditioning  equipment.     All  four  groups 
may  be  found  on  the  same  system. 


This  portion  of  air  conditioning  equipment  will  add  or  remove  heat  to  or  from  the 
conditioned  space.     To  remove  heat  the  air  conditioner  will  use  the  same  baste  cycle  as 
a  refrigerator.     The  operational  evaporator  temperature  range  will  run  between  40  and 
50*F  (4.4  to  6.5*C).     There  are  two  methods  of  picking  up  heat  from  the  conditioned 
space.     The  first  method  will  place  the  evaporator  in  the  conditioned  space,  this  method 
will  be  discussed  in  this  block.     The  second  will  circulate  chilled  water  through  coils 
in  the  conditioned  space  returning  the  water  to  a  specially  designed  evaporator  for 
cooling  and  recirculation.     This  method  will  be  discussed  in  another  block. 

To  add  heat  to  the  conditioned  space,  two  methods  are  also  used.     First,  furnaces 
will  heat  the  conditioned  space  directly  using  natural  gas,  oil,  propane,   butane,  or 
electricity.     Second,  steam  or  hot  water  will  be  circulated  through  coils  in  the 
conditioned  space  and  returned  to  a  boiler  to  be  heated  and  recirculated. 

Humidity  Control  Equipment 

Humidity  control  equipment  has  two  functions.     First,  remove  humidity.     The  most 
common  method  of  humidity  removal  is  to  operate  the  air  conditioner's  cooling  system. 
The  low  temperature  of  the  evaporator  will  cause  condensation,   thus  removing  humidity. 
Second  is  to  add  humidity.     There  are  two  methods  of  humidifying.     One  method  is  to 
inject  steam  into  supply  air.     The  other  method  passes  air  over  a  wetted  pad  or  sprays 
water  into  ducts. 

Air  Filtration  Equipment 

Air  filtration  equipment  may  have  two  purposes.     First  air  filtration  equipment  is 
installed  in  air  circulation  equipment  to  help  keep  evaporators,   fans,  and  heating  coils 
clean.     Second,  special  air  filtration  equipment  may  be  installed  to  meet  special 
requirements  of  the  conditioned  space.     Some  examples  of  this  type  equipment  are  high 
efficiency  filters  designed  for  use  in  computer  rooms,  or  ultra  violet  filters  used  to 
sanitize  air  for  surgery  rooms  in  the  base  hospital. 
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Air  Circulation  Equipment 


Air  circulation  equipment  defined  means  equipment  that  moves  air.     As  you  know,  fans 
move  air  so  this  will  be  the  subject  of  this  paragraph.     First  let's  discuss  the  types 
of  fans.     Centrifugal  fans  are  commonly  known  as  squirrel  cage  far4S  due  to  their 
appearance.  Axial  fans  are  sometimes  called  propeller  fans  because  the  blades  look  like 
propellers.     Each  of  these  types  of  fans  will  be  discussed  later. 

Installation 

Sometime  in  the  course  of  your  duties,  you  may  be  called  upon  to  install,  or  help 
install  air  corditioning  equipment.     You  should  be  aware  of  some  general  guidelines 
concerning  the  installation  of  air  conditioning  equipment. 

Condensing  Unit 

When  installing  a  condensing  unit,  be  sure  that  it  is  installed  level,  provides 
proper  air  circulation  for  air  cooled  condensers,  assures  that  the  electric  motors 
voltage,  cycle,  and  phase  are  of  the  same  value  as  the  power  source. 


The  evaporator  should  be  installed  so  that  it  is  level,  and  firmly  fastened.  It 
nust  be  provided  with  a  drip  pan  to  catch  condensation  formed  during  the  cooling  cycle. 


When  installing  a  fan  and  motor,  assure  that  they  are  mounted  on  a  common  base  in 
order  to  insure  a  permanent  alignment.     The  motor  should  be  on  a  sliding  mount  for  belt 
adjustment.     Large  fans  should  be  installed  in  a  location  remote  from  the  conditioned 
space  if  possible. 


Install  the  filter  section  so  that  the  air  must  pass  through  the  filters  before 
entering  ^he  heating/cooling  coils  and  fan. 

Security  of  Mounting 

When  installing  air  conditioning  equipment,  it  is  important  that  securing  of 
refrigerator,  water,  electrical  lines  and  system  components  be  assured-     Tubing  should 
be  supported  at  regular  intervals  to  prevent  sagging  and  vibration.     Vibration  will 
cause  copper  tubing  to  crystallize  which  in  turn  causes  the  tubing  to  crack  or  break. 
Hard  drawn  copper  lines  need  fewer  clamps  or  supports  than  soft  drawn  lines.     Tubing  can 
be  supported  by  using  regular  tubing  clamps,  or  galvanized  conduit  clamps  may  be  used. 
When  supporting  tubing  with  clamps,   the  tubing  should  be  insulated  from  the  clamps  to 
prevent  damage  to  the  tubing  from  the  clamps.     A  piece  of  rubber  insulation  inserted 
between  the  tubing  and  the  clamp  is  sometimes  used.     Tubing  run  through  a  wall  or  floor 
should  be  protected  by  short  runs  of  conduit  or  flexible  metal  tubing.     Valves,  driers 
or  other  heavy  object^;  should  not  be  supported  by  tubing,  but  should  have  their  own 
individual  supports.     Electrical  lines  should  be  supported  similar  to  tubing. 

Psychrometrics 

The  purpose  of  air  conditioning  is  to  control  temperature,   humidity  and  the 
circulation  of  the  air. 

Air  is  the  primary  medium  that  is  used  to  control  the  conditions  in  the  controlled 
space.     Air  can  be  used  to  control  the  humidity  and  temperature  for  three  general  uses: 
personnel  or  comfort  cooling,  equipment  cooling,  and  process  cooling.     In  the  case  of 
equipment  cooling,  temperature  and  humidity  must  be  maintained  within  close  tolerance. 
New  applications  for  air  conditioning  are  continually  being  found. 

The  field  of  psychrometric  study  is  a  breakdown  of  the  varir.  properties  contained 

in  the  uir  and  a  graphic  analysis  of  the  air  conditions.     If  the  ecialist  understands 

all  he  can  about  the  air  being  used,  the  understanding  of  the  eq  ment  operation 
becomes  more  realistic. 


Evaporator 


Fans 


Fi  Iters 
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Psychrometrics  is  defined  as  the  study  of  air  and  its  related  properties.     As  you 
know,  air  contains  some  moisture  (humidity).     However,   let  us  consider  the  other 
properties  relating  to  graphic  analysis  of  moisture-laden  air.     Air  is  a  mixture  of 
highly  superheated  gases*     About  78  percent  of  the  air  is  nitrogen,  21  percent  oxygen, 
and  the  remaining  one  percent  icr»  composed  of  minute  quantities  of  other  gases  such  as 
carbon  dioxide,  ?.rgon,  ueou,  ozone,  hydrogen,  helium  a'*'^  krypton.     All  of  these  form  the 
air  that  we  breathe  and  use  for  air  conditioning,     Ai.  exerts  a  force  of  14,7  psia  on 
the  surface  of  the  earth  at  sea  level*     A:*  r  and  water  vapors  are  mixed,  occupying  the 
same  space  and  following  Dalton's  law  of  partial  pressures,  "The  pressure  of  a  mixture 
is  the  sum  of  the  partial  pressures  of  the  constituent  gases  •   •   •  Vapor  pressures 

are  regulated  by  the  laovement  of  the  molecules  at  the  surface  of  the  sub.tance.  For 
example,  water  at  a  temperature  of  212*F  has  a  vapor  pressure  of  14,7  psia. 

QUESTION 

What  is  psychrometrics?  


Temperature  of  the  Air 

Temperature  is  the  measurable  intensity  of  heat  contained  in  a  volume  of  air,  read 
in  degrees.     It  can  be  expressed  as  degrees  Fahrenheit  or  Centigrade,  depending  on  the 
scale  being  used.     In  the  psychrometric  analysis  such  temperatures  as  dry  bulb,  wet 
bulb,  dew  point,  saturation  and  apparatus  dew  point  temperatures  will  be  considered. 

Humidity  of  the  Air 

Humidity  is  the  moisture  vapor  contained  in  the  air.     There  is,  generally  speaking, 
two  humidity  expressions:     specific  humidity  is  the  actual  moisture  contained  in  the  air 
or  the  grains  of  moisture  content;  the  relative  humidity  is  an  expression  of  the 
specific  humidity  in  relation  to  the  volume. 

Heat  Content  of  the  Air 

This  term  refers  to  the  heat  contained  in  a  given  condition  of  air.     It  is  measured 
in  British  thermal  units  (BTU),     It  is  also  expressed  as  the  enthalpy.     Remember,   that  a 
BTU  is  the  amount  of  heat  required  to  raise  the  temperature  of  one  pound  of  water  one 
degree  Fahrenheit*     Based  on  this  standard  are  other  standards  such  as  one  ton  of 
refrigeration.     We  know  that  it  will  take  one  ton  of  ice  24  hours  to  change  from  32*F 
ice  to  32*F  water,  and  that  it  will  absorb  288,000  BTUs  during  that  time.     This  means 
that  BTUs  were  absorbed  at  the  rate  of  12,000/hr,   200/min,  or  3,3a/sec,     Any  of  these 
values  means  one  ton  of  refrigeration. 

Volume  of  the  Air 

Air,  as  any  substance,  must  occupy  space.     This  space  is  volume  and  is  expressed  in 
cubic  feet.     The  volume  of  air  will  vary  with  the  heat  contained  in  the  air.     As  the 
temperature  increases  so  does  the  volume,  provided  room  for  expansion  exists.     If  there 
is  no  room  for  expansion,   the  pressure  wi'll  increase  due  to  the  limitations  imposed  by 
the  containing  device* 

In  the  case  of  unconfined  air,  the  pressure  remains  constant.     The  air  volume 
changes  with  the  heat  content.     A  volume  of  air  contracts  or  expands  1/460  of  its  volume 
at  O^F  for  each  degree  of  temperature  change.     If  absolute  zero  (-460*F)  was  reached, 
the  volume  would  shrink  to  zero  as  well.     Although  this  is  strictly  theoretical  and  has 
never  been  achieved,  it  does  point  out  the  relationship  of  temperature  to  volume. 
Specific  volume  is  the  number  of  cubic  feet  of  air  that  it  takes  to  weigh  one  pound. 

Weight  of  the  Air 

If  the  air  has  all  of  the  foregoing  properties,   then  it  must  be  concluded  that  it 
has  weight.     This  weight  is  referred  to  as  specific  density.     The  psychrometric  chart 
will  provide  the  basis  for  computing  of  dry  air.     The  weight  of  the  air  is  dependent  on 
the  amount  of  moisture  divided  by  the  specific  volume  obtained  from  the  chart.     If  the 
SV  is  13,5  cubic  feet,  then  the  SD  will  be  ,075, 

,075 
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It  can  be  noted  that  as  the  specific  volume  increases,   the  density  of  the  air  will 
Vi*h:it  Lire  the  five  properties  of  air?  


p.syc!i j'cT.etric  Chart 

The  chart  is  the  tool  used  to  analyze  the  relationship  of  the  properties  of  the  air. 
The  specialist  should  master  at  least  the  meaning  of  the  chart  in  order  to  properly 
uHiiorf^tand  the  air  th?vt  is  being  conditioned. 

The  relationships  of  the  properties  of  the  air  are  graphically  illustrp.ted  on  the 
pjr;y c.irornetric  chart  as  a  series  of  lines  and  curves  that  have  been  scientifically 
fornu Icit  ed  to  show  the  whole  picture  of  the  air  being  studied. 

The  comparison  of  the  lines  and  curves  at  intersecting  points  of  the  scales  on  the 
cha.rt  gives  us  a  very  comprehensive  analysis  of  the  air  being  studied.     More  than  one 
oc^ndition  may  appear  on  the  chart  to  give  us  more  accurate  analysis  and  true  operation 

ol*   tho  syr-;t(?m  In  consideration. 

S  i  i  fijr.  Psycfi  rome ter 

The  psychrometer  is  the  instrument  that  is  most  often  used  to  obtain  the  basic 
values  needed  to  work  a  psychrometric  problem.     The  sling  psychrometer  (see  figure  1)  is 
an  instrument  that  is  very  basic  in  design  and  operation.     There  are  two  standard 
thermometers  mounted  on  a  holder  with  provisions  for  the  device  to  be  whirled  in  the 
:iir.  One  of  the  thermometers  has  a  sock  attached  to  the  bulb,  which  is  moistened  in 
di::;tllled  water  prior  to  slinging  of  the  instrument.     The  slinging  of  the  instrument 
vvil  I  pick  up  two  temperatures.     One  is  ambient  or  dry-bulb  temperature;  the  second, 
wet-bulb  temperature. 

The  operation  of  the  psychrometer  is  very  simple.     The  wet-bulb  sock  is  saturated 
with  distilled  water  (because  there  are  no  mineral  deposits  in  the  water  that  will  form 
rcHldual  scale  deposits  following  evaporation).     Then,   the  instrument  is  whirled  in 
t  rout  of  the  individual  for  about  one  minute,   read  and  then  whirled  for  another  minute 
aiui  ic;ifl  a  second  time. 

During  this  process,  air  passing  through  the  sock  causes  evaporation-     The  evapora- 
tlon  will  cool  the  temperature  of  the  wet  thermometer  below  the  dry  bulb  temperature, 
depending  on  the  amount  of  moi£:ture  that  is  in  the  air  being  measured.     The  drier  the 
a\r,   the  higher  the  evaporation  rate,  the  lower  the  wet-bulb  temperature  will  be.  The 
scc^ond  reading  helps  insure  that  the  maximum  evaporation  rate  was  attained. 

The  difference  between  wet-bulb  temperature  and  dry-bulb  temperature  is  known  as 


Psychrometric  Chart  Scales 

Once  the  dry  bulb  temperature  and  wet  bulb  temperature  have  been  obtained.  *e  can 
*u      K^^i^  ♦h^  niot+ine  nrocedure.     In  order  to  know  what  we  are  doing,  the  scales  that 
are" read  on*ihe'^ps5cir!met?icch!;t  are  the  first  point  of  identification  on  the  chart. 

JSch?Smetri?  oSart  contains  lines  and  curves  which  have  corresponding  scales  and 
are  read  at  intersecting  points. 

In  figure  2     the  lines  and  scales  are  identified,  then  the  later  figures  that 
In  figure  ^'  °  ^  point  out  the  names  of  the  lines  corresponding 

jnaSh"Lrof*sca!es?'  'The're'^re" baficilf ^'five  sets  of  scales  that  are  used  on  the 
JsycS?omJ?ric  Chart.     Some  of  the  readings  will  be  scale  differential  readings. 


GRAINS  OF  MOISTURE" 


POUNDS  OF  MOISTURE 
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Figure  2.     Psychrometric  Chart  Scales 
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TERMS,  DEFINITIONS  AND  PLOTS 


Dry-Bulb  Temperature  (DB) 

Dry-bulb  temperature  is  the  ambient  air  temperature  read  on  a  standard  thermometer. 
Dry  bulb  plots  will  appear  on  the  vertical  lines  of  the  chart  which  correspond  to  the 
dry  bulb  scale  located  along  the  bottom  of  the  graph.     Dry  bulb  is  plotted  by  locating 
the  indicated  condition  on  the  scale,  and  drawing  a  vertical  line  corresponding  to  the 
temperature  value  as  shown  by  the  heavy  line  in  figure  3. 

Figure  3  is  a  representative  sketch  of  the  dry  bulb  temperature  portion  of  a 
psychrometric  chart.      A  complete  psychrometric  chart  has  a  vertical  line  for  each 
degree  of  temperature.     Usually,  every  fifth  line  is  numbered  with  its  corresponding 
temperaturfi.     The  common  range  for  a  psychrometric  chart  is  from  about  lO'F  to  105'F, 
This  type  of  arrangement  makes  it  simple  to  plot  any  dry  bulb  temperature  on  the  chart 
to  the  nearest  degree.     The  remaining  figures  in  this  series  are  also  sketches  and  do 
not  include  all  the  lines  on  the  psychrometric  chart. 

QUESTION 

What  is  dry  bulb  temperature? 


110 


70  30 


40        50        60        70         80        90        100  110 


Figure  3.     Dry  Bulb  Line 
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Wet  Bulb  Temperture  (WB) 

Wet  bulb  temperature  Is  the  temperature  at  which  air  ceases  to  be  cooled  by  the 
process  of  evaporation.    Wet  bulb  temperature  Is  determined  by  the  sling  psychrometer 
Dreviously  described  In  this  section.    Keep  In  nlnd  that  the  sling  psychrometer  can  only 
be  used  effectively  If  the  ambient  temperature  Is  above  32»F  because  the  freezing  point 
of  water  Is  any  temperature  below  that  point.     You  will  notice  the  slope  of  the 
psychrometrlc  chart  changes  to  smaller  Increments  as  temperature  values  given  on  the 
saturation  or  wet  bulb  scale.     To  plot  a  wet  bulb  temperature,  start  with  the  cor- 
responding temperature  reading  on  the  wet  bulb  scale.     The  wet  bulb  temperature  is 
nlotted  on  the  diagonal  line  that  extends  to  the  right  and  downward  from  the  wet  bulb 
scale.     A  wet  bulb  plot  is  shown  by  the  heavy  line  in  figure  4.     It  is  not  necessary  to 
extend  the  wet  bulb  line  past  its  intersection  with  a  previously  plotted  dry  bulb  line. 

QUESTIONS 

1.    What  is  wet  bulb  temperature?  .  


2.    Where  is  the  wet  bulb  plotted? 


Figure  4.     Wet  Bulb  Line 
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Relative  Humidity  (%  RH) 


Relative  humidity  is  the  ratio  of  the  ainount  of  moisture  in  the  air  compared  to  what 
it  could  hold  at  the  same  temperature. 

It  is  a  percentage  expression  of  the  grains  of  moisture  contained  in  the  air. 
Relative  humidity  is  read  on  or  between  the  curved  lines  on  the  psychi'ometrlc  chart  that 
corresponds  approximately  to  the  saturation  curve  at  the  point  of  intersection  of  the 
wet  bulb  and  dry  bulb  lines.     They  are  valued  from  0-100  percent-     The  isaturation  curve 
is  the  100  percent  RH  line.     Relative  humidity  is  read  at  the  point  of  intersection  of 
the  dry  bulb  and  wet  bulb  lines. 

QUESTION 

\7hat  is  relative  humidity?   


70 


Figure  5.     %  Relative  Humidity 
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Dew  Point  (DP) 

Dew  point  or  saturation  temperature,  both  terras  mean  the  same.     Dew  point  or  satura- 
tion temperature  is  the  temperature  that  will  allow  moisture  to  condense  on  a  surface. 
This  is  exemplified  by  the  droplets  of  moisture,  called  dew  founi  on  the  grass  in  the 
warmer  months,  oi-  by  the  frozen  dew  (frost)  in  the  winter  months.     Windows  or  containers 
that  sweat  have  an  extreme  of  temperature  on  each  side  of  the  surface  and  are  examples 
of  dew  point  temperature  being  reached.     Dew  point  is  plotted  on  the  horizontal   line  of 
the  psychrometric  chart  that  extends  from  the  point  of  %  RH  to  the  saturation  curve  and 
the  value  is  read  at  the  point  of  intersection  with  the  curve  (see  figure  6). 

QUESTIONS 

1.     What  is  dew  point?   . 


2.     How  is  dew  point  plotted? 


Figure  6. 


Dew  Point  Line 
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Heat  Content  or  Enthalpy 


Both  terms  mean  the  same.     Heat  content  is  the  measure  of  the  BTU  contained  In  one 
pound  of  dry  air.     Heat  content  Is  plotted  by  extending  the  wet  bulb  line  through  the 
saturation  curve  to  the  heat  content  or  enthalpy  scale  located  to  the  left  of  the 
saturation  scale.    Read  the  BTU  value  at  the  point  the  extended  wet  bulb  line  Intersects 
the  heat  content  scale  as  shown  In  figure  7. 

QUESTION 

Heat  content  is  the  measure  of  BTU  in  what?   


CM.OM 


Figure  7.     Heat  Content  Line 
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Grains  of  K  .isture  (GM) 

moisture  or  specific  humidity  la  tue  unii  oi  „,i„i,e  humidity  can  I -•  determined  trom 
moisture  confined  In  one  pound  ol  J"  ^Jf "^J°3°o,  moisture,    a  grain  ol  "olsture 

It'l^^'^lV^  S'a''3"ror'o.»"?e'r!  'f'f^J^  ^l^^VllrlllllX°lrl;.r.. 
f^Ar..  r»rro  ire'SaJis-Sr^ntSrS"!^         iiZ^Tll^lrl-Ur.^.  vme  on  the 
chart  (see  figure  8). 


QUESTION 

How  many  grains  does  a  pound  of  water  contain? 


24  GM 


Figure  8.     Grains  of  Moisture 
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Poucdis  of  Moisture 

Pounds  of  moisture  per  pound  of  dry  air  is  the  weight  of  the  grains  of  moisture 
contained  in  one  pound  of  dry  air.     It  is  determined  by  drawing  a  horizontal  line  from 
the  grains  of  moisture  plot  to  the  pounds  of  moisture  scale  and  reading  the  corres- 
ponding value  at  the  point  of  intersection  with  the  scale  (see  figure  9). 
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Figure  9.     Pounds  of  Moisture  Line 


2-12 


EKLC 


413 


The  chart  below  depicts  specific  humidity  with  grains  of  moisture         P°"^ds  of 
moisS?e?    It  Thols  hoS  grains  of  moisture  values  convert  into  pounds  of  moisture 
values. 


lei 
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Specific  Volume  (SV) 

^n^nific  volume  is  the  number  of  cubic  feet  of  air  required  to  weigh  one  pound.  The 
specfflf  vilume  uLs  aj^^^    as  diagonal-parallel  lines  extending  from  the  saturation 
epeciiic  "      scale.     There  are  five  of  these  lines  and  they  have  a 

volume  lines  from  the  point  of  %  RH  to  the  dry  bulb  scale. 

:ftinoS';e;ch';Se  n^^Unf^hatlou  drew.'  Each  group  of  ^-^.S-J-^^J-^^iii^e  the 
increase  the  specific  volume  .1  cu  ft.  Five  groups  of  four  graduations  wilx  raise  the 
iS^Sml  !5  o?  ?o  ?he  next  established  line  of  the  chart  (see  figure  11). 


Figure  10.     Specific  Volume  Lines 


Figure  11.     Specific  Volume  Scale 
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standard  Air 


Standard  air  is  one  pound  cf  dry  air  at 
70*F,  at  atmospheric  pressure  (14.7  psia) 
which  occupies  13.34  cu  ft  and  has  a 
specific  density  of  .075  at  sea  level 
(see  figure  12). 

This  standard  is  used  as  a  guideline 
for  the  inan  if acturers  of  coils,  fans  and 
other  air  conditioning  equipment.  Prac- 
tically all  substances  will  contract  or 
expand  with  temperature  variations. 
Figure  12  is  a  graphic  illustration  of 
the  conditior'.s  involved  when  speaking  of 
standard  air. 


147  PSIA 


70*F 


CS^DENSITY 


13.34  CU  FT. 


1  LB.  OF  AIR  CI1-0S2C 


Figure  12.     Standard  Air 


At  this  point  we  have  defined  the  lines  and  the  scales  that  we  will  use  on  the 
chart.     Figure  13  shows  a  composite  of  the  lines  discussed  and  the  relationship  of  the 
various  lines  and  scales  to  each  other.     This  figure  shows  only  a  single  plot,  but 
psychrometric  analysis  will  involve  two  to  four  plots  in  order  to  compare  all  Of  the 
temperatures  and  properties* 


D  B 


Figure  13.     Psychrometric  Plot 


To  have  a  good  comparative  analysis  of  the  air,  we  must  be  able  to  identify  the 
various  names  given  to  the  air  as  it  goes  through  the  system.     Air  at  outside  conditions 
is  called  Outside  Air  (OA).     It  is  introduced  into  the  system  through  the  ducts  and 
various  plenums,  taking  on  other  names  during  its  travels. 

Supply  Air  (SA)   (air  leaving  coil)  is  the  air  that  is  cooled  to  the  final  desired 
condition  and  supplied  to  the  controlled  spe.cc^     As  it  is  recirculated  into  the  return 
duct,   it  becomes  Return  Air  (RA)   (air  ente/zing  the  coil).     If  the  air  is  to  be  exhausted 
to  offset  the  OA  brought  in,  then  the  air  exhausted  is  labeled  as  Exhaust  Air  (EA).  If 
any  of  the  air  types  are  mixed  in  a  mixing  plenum,  then  the  name  given  to  the  air 
following  this  process  is  Mixed  Air  (MA).     All  of  these  situations  can  be  nlotted. 
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REMINDER: 


The  analysis  of  air  is  a  valuable  tool  for  the  specialist,     Psychrometrics  give  him 
an  understanding  of  what  the  mechanical  cooling  process  must  overcome  to  properly 
perform.     In  order  to  correctly  determine  the  properties  of  air,  the  ref --igeration 
specialist  must  be  able  to  use  the  psychrometric  chart. 

Installation  of  Insulating  Materials 

A  large  number  of  insulating  materials  have  been  developed  for  buildings-     In  air 
conditioning,  it  is  absolutely  essential  that  the  insulation  is  designed  to  reduce  heat 
loss  by  conduction,  convection  and  radiation.     In  addition,  vapor  barriers  should  be 
included  in  the  insulation  or  in  the  vails  to  reduce  moisture  travel  through  the  wall. 

Insulation  selected  for  installation  should  have  sufficient  strength  to  support 
itself  and  not  shrink  or  settle.     It  must  not  deteriorate  in  the  presence  of  moisture, 
and  it  must  not  have  any  unpleasant  odor.     The  insulation  should  be  vermin  proof  and 
fire  resistant. 

The  type  of  insulation  to  use  in  a  building  depends,  to  some  extent,  on  the  method 
of  application.     For  example,  there  is  the  bulk  type  and  batt  type  application.  Bulk 
type,  easy  flowing  insulation  can  be  blown  into  the  space  between  the  studs  of  a 
building  already  constructed.     Batts,  flexible  insulations,  are  easy  to  install  and  they 
conform  to  any  irregularities  in  the  construction.     Batts  of  rock  wool  and  blankets  of 
pulverized  wood  are  examples  of  this  practice. 

Safety 

Care  should  be  taken  when  handling  insulating  materials  to  avoid  exposure  to  skin, 
eyes,  and  intake  Into  the  lungs.     Severe  itching,  eye  and  lung  irritation  coulci  result. 


YOU  HAVE  COMPLETED  THE  DIRECTED  STUDY  AND  HOMEWORK  ASSIGNMENT  IN  PREPARATION  FOR  DAY  36. 


START  HERE  FOR  DIRECTED  STUDY  TO  BE  COMPLETED  PRIOR  TO  DAY  37. 

Read  paragraph  22-29,  page  792,  Mcicrn  Refrigeration  and  Air  Conditioning  and  answer 
the  following  questions. 

1.      Solid  particle  air  contaminants  fall  into  what  three  groups? 


2.      What  are  the  two  most  common  liquid  impurities  found  in  the  air? 


Read  paragraph  22-30/31,  page  793/794,  Modern  Refrigeration,  Atr  Conditioning  t^xt 
and  answer  the  following  questions. 

1,      What  are  adhesive  filters  made  of?  


2.      What  is  a  class  2  adhesive  filter? 
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Read  paragraph  22-32,  page  784,  Modern  Refrigeration,  Air  Conditioning  text  .;nd 
answer  the  following  questions* 

1.      What  does  ionizing  mean?   


2.      What  are  the  three  ways  to  ionize  the  air? 


Read  paragraph  22-35,  page  797,  Modern  Refrigeration,  Air  Conditioning  text  and 
answer  the  following  question. 


Water  does  not  remove  what? 


Haad  paragraph  22-37,  page  798,  Modern  Refrigeration,  Air  Conditioning  text  and 
answer  the  following  question* 

What  is  the  purpose  of  activated  carbon  filters?   


Filters  should  be  cleaned  or  replaced  when  they  lose  their  efficiency  or  when  they 
are  so  clogged  that  they  produce  too  much  pressure  drop  across  the  filter,  a  visual 
inspection  is  ore  way  to  determine  if  a  filter  needs  replacing*     When  the  pressure  drop 
across  the  filter  is  more  than  25  percent  of  the  pressure  drop  across  the  fan,  the 
filter  should  be  changed* 

Always  replace  filters  with  the  arrows  pointing  in  the  direction  of  air  flow*  The 
side  toward  the  blower  has  more  adhesive  and  must  be  on  the  air-out  side  of  the  filter. 
If  this  is  not  done,  the  filter  will  quickly  load  with  dirt  and  clog* 

When  replacing  filters  make  these  two  checks: 

1*      Inspect  filter  for  tears  or  holes*     Place  a  strong  light  on  one  side  of  filter  ( 
and  look  through  filter  from  other  side* 

2*      Use  manometer  to  check  pressure  drop* 

Fans 

Air  is  moved  by  mechanical  means  in  an  air-conditioning  system.     The  fan  converts 
mechanical  energy  (fan  blade  rotation)  into  gas  energy  (airflow).     This  is  accomplished 
by  means  of  a  wheel  or  blade,  imparting  a  spin  on  the  air  so  that  it  will   Leave  the  fan 
assembly  in  a  forward  motion  to  the  point  of  destination. 

Fans  are  classified  into  two  major  categories:     AXIAL  and  CENTRIFUGAL. 
Types  of  Fieins 

AXIAL  FANS.     These  fans  move  eir  in  a  flow  parallel  to  the  shaft.     The  air  will  have 
a  spiral  motion,  but  rill  be  moving  in  a  parallel  plane.     Axial  fans  have  three  blade 
classifications. 

Propeller  Fan  Blades.     Propeller  fan  blades  are  found  on  the  pedestal  or  table  fan 
common  to  home  use.     Fans  of  the  ceiling  variety  use  propeller  blades.     These  fans  are 
used  to  move  air  within  a  given  area  (circulation).     Normally,  they  have  a  safety  shroud 
around  them.     They  can  bo  used  only  if  a  low  volume  of  air  movement  is  required  and 
normally  are  used  for  exhaust  or  ventilation  purposes.     They  can  be  direct  drive  or  belt 
driven,  see  figure  14. 
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Figure  14.     Propeller  Fan 


Figure  15.     Tubf;--Axial  Fan 


pressure  losses,  ana  will  '5,t,';°"f.„i?°,?i„;s  .here  noise  Is  a  snail 

roS?Se*rl:flora°nrfpll^  l^Zlll'^\lT^<:'Tr,.^  drive  or  belt  driven,  .ee 

figure  15. 

Vane-Axial  Fans.     These  fans  are  in 
reality  nothing  but  a  tube-axial  fan  with 
vanes  installed  in  the  fan  housing.  The 
vanes  are  used  to  straighten  out  the 
spiraling  motion  of  the  air.     This  offers 
the  added  factor  of  less  noise  and 
increased  efficiency.     (See  figure  16.) 


Figure  16.     Vane-Axial  Farifs 


CE»TR1FUC.*L  PA,.S      The,  nove  J.JJ^^/f?'"  :laSr?i«\re  Vll  T'" 

but  dlscharse  It  radially  to  the  shaft  (see  "S""     ^      ,         j,^    centrifugal  fan 
discharged  at  a  90  J'"?  '5°:  eSvlJJel  cSge?  ^uS!ed  horizontally  on  a  shaft, 

J^otSfes  :!?Sln<-  n^  ?    s jaral  =    to  the  ^^^^ J^^^, 

oL'ra?r.S  nlV.lLT'^l  rnsSL^^re'Soleru^Ser  .axl.»  air  delivery  .hen 
compared  to  an  axial  flow  fan. 


Figure  17.     Fan  Blades 
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Air-conditioning  specialists  often  refer  to  centrifu,;al  '3 
some  factors  which  will  be  used  in  the  determination  of  the  fan  type  to  be  used  for  a 
particular  application.     They  include: 

*  Unit  size 

*  Drive  motor  selected 

*  Internal  layout  of  the  unit 

*  Shape  of  the  coil 

*  Resistance  of  systems  aucts 

Fans  are  used  to  ventilate  (induce  fresh  air),  circulate  the  same  air  in  a  system, 
or  to  exhaJIt  odor-^^^^    air  which  is  part  of  the  ventilation-circulation  process- 

QUESTIONS 

!•      How  is  air  moved  in  an  air  conditioning  system?   


2.      What  are  the  three  types  of  axial  fans? 


3.      What  are  the  three  types  of  centrifugal  fans? 


4-      What  is  one  disadvantage  of  the  centrifugal  fan? 


Installation 

Centrifaeal  fans  are  installed  in  air  conditioning  systems  where  there  is  duct  work 
or  oSe^sJu^cL^^^  such  as  filters,  because  of  their  ability  to 

K  «mo         ni-  hiirh  static  oressures,  with  a  minimum  of  noise  and  at  high  efficiency* 
5tft  c  piLsurffs  t^riutSIrrSrlssure  of  the  air  against  '  .^"i*-;^-;,^^'*^^  °* 

an  air  duct.     Tt  is  the  resistance  of  the  duct  to  air  flow.     Axial  flow  fans  are 
iLtaneS  Jhen  an  application  calls  for  large  air  volumes  at  low  static  pressaries. 


QUESTION 

What  is  static  pressure? 


When  installing  fan.:,  there  are  some  "^^^  ^^^^^^iJ"^^ /J^**?!  studnJiSe  SJa? 

specialist  should  Keep  in  mind.     It  was  previously  mentioned        JJif ^^^^'^y  fJ^'^^.^J^Suce 
large  fans  should  be  inst Ailed  in.  a  location  remote  from  the  tSo 
noise.     The  electric  motor  c^rivJ  ng  the  fan  should  be  located  "^'^f  J'^^.  f  ^""^ 
reasons      First    the  motor  is  more  easily  serviced,  and  second,  if  the  motor  were 
Ioca?ed  insiSe  ihe  du?t,  the  motor  noise  would  travel  through  the  duct  sy,;tem  to  the 
conditioned  space. 
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When  the  fan  and  motor  are  set  in  place,  and  the  motor  is  connected  to  the  power 
source,  assure  the  proper  direction  of  rotation.     If  a  three  phase  motor  is  turning  in 
the  wrong  direction  of  rotation,  simply  swap  any  two  of  the  three  power  leads. 

QUESTION 

1.      Where  should  large  fans  be  installed?  


Why? 


2.      Where  should  the  electric  motor  driving  the  fan  be  located? 


Why? 


3.      After  the  fan  motor  is  installed,  and  connected  to  power,  what  checl:  should  be 
made? 


For  best  results,  thr?  spacinp:  between  the  centers  of  the  fan  shaft,  and  the  motor 
shaft,  should  not  be  less  than  the  diameter  of  the  largest  pulley,  and  not  greater  than 
th2  combined  diameter's  of  both  pulleys- 

Servicing  Fans 

A  rattle  of  a  fan  motor  may  sometimes  be  nothing  more  than  a  loose  fan  on  a  shaft. 
The  nctse  can  be  remedied  by  tightening  the  set  screw  that  fastens  the  fan  hub  to  the 
shaft.     Smaller  fans  have  either  a  round  shaft,  or  a  flat  spot  milled  on  the  shaft • 

If  the  fan  is  abused,  the  blades  may  be  forced  out  of  position,  and  one  or  more 
blades  may  vibrate.     The  easiest  repair  is  to  replace  the  fan.     Any  attempt  to  rebalance 
the  blades  is  difficult  unless  special  static  and  dynamic  balancers  are  available-  If 
the  fan  blades  touch  the  fan  housing,  the  motor  may  be  out  of  line  or  the  shroud  or 
housing  may  be  bent.     The  contact  spot  is  usually  easily  detected  and  remedied  by  moving 
the  fan  on  the  shaft  or  moving  the  shroud  or  housing.     Do  not  try  to  bend  the  fan  blades 
as  this  will  cause  the  unit  to  vibrate. 

QUESTION 

1.      What  type  of  shafts  do  smaller  fans  have?   


2.      What  is  the  easiest  repair  for  fans  wWich  have  been  abused? 


3.      What  could  possibly  be  the  trouble  witn  fan  blades  that  touch  the  housing? 


On  belt  driven  fans  it  is  important  that  when  a  belt  breaks,  or  is  worn  to  the  point 
at  which  it  needs  to  be  replaced,  you  should  replace  the  whole  set  of  belts,  preferrably 
with  a  matched  set.     Belt  tension  is  important  too.     They  should  be  adjusted  so  that 
they  are  not  too  tight  (you  should  be  able  to  depress  the  belts  slightly)  and  not  too 
loose  as  to  cause  slipping.     Belts  that  are  too  tight  cause  overheating  and  excessive 
bearing  wear,  and  may  overload  the  fan  motor.     Loose  belts  will  cause  squealing  due  to 
slippage,  and  belt  wear  will  be  excessive. 

1.      What  should  the  air  conditioning  specialist  do  when  a  belt  in  a  multibelt  set 
breaks? 


2.      Drive  belts  that  are  adjusted  too  tight  could  cause 


What  does  belt  squeal  indicate? 


Alignment 

For  efficient  operation  and  reduced  maintenance,  alignment  of  belt  driven  fans  must 
be  considered.     Alignment  means  adjusting  the  fan  pulley  and  motor  pulley  so  that  they 
are  in  a  straight  line  with  each  other.     The  fan  and  motor  pulleys  must  be  a  close 
alignment  to  prevent  excessive  belt  wear,  and  motor  vibration.     To  check  alignment,  use 
a  belt  adjusting  and  aligning  tool,  or  a  straight  edge. 

!•      What  does  alignment  mean? 


2.      What  can  be  used  to  check  fan  and  motor  alignment? 


AIR  FLOW  INSTRUMENTS 

One  of  the  functions  of  an  air  conditioning  system  is  to  deliver  the  proper  amount 
of  air  to  an  area  at  a  specific  time.     It  Is  the  air  conditioning  specialist's  job  to 
know  if  the  system  is  producing  properly.     There  are  several  instruments  on  the  market 
that  v/ill  measure  the  velocity  of  the  air.     We  will  measure  the  velocity  of  the  air 
using  some  of  these  instruments.     There  are  two  basic  factors  that  o^etermine  the  amount 
of  airflow.     The  velocity  or  rate  of  air  movement  and  the  area  that  it  muet  pass 
through.    When  talking  about  velocity,  we  use  the  terms  "feet  per  minute  (FPM),"  and 
••cubic  feet  per  minute  (CFM)." 

AIR  MEASURING  INSTRUMENTS 

There  are  three  types  of  instruments  commonly  used  in  the  field.     These  are  the 
anemometer,  inclined  manometer  and  velometer.     All  of  these  instruments  are  employed  to 
measure  the  velocity  in  FPM  of  airflow.     Readings  can  be  taken  at  the  following  loca- 
tions:    Return  air  duct,  supply  air  duct,  outside  air  duct  or  inside  the  duct  system. 
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QUESTIONS 

1.      What  are  the  two  basic  factors  to  consider  when  determining  the  amount  of  airflow? 


2.      What  are  the  three  types  of  instruments  commonly  used  in  the  field  for  measuring 
airflow?   


Aneometer 


The  anemometer  is  an  instrument  used  to  measure  air  velocity  in  linear  feet.  This 
meter  is  composed  of  the  fan  housing,  three  dial  faces  and  the  propeller  which  moves  at 
the  rate  of  the  air  speed  turning  a  gear  mechanism  which  operates  the  dials.     There  is 
an  engaging  lever  and  a  reset  lever  on  top  of  the  dial  face. 

In  using  the  anemometer,  we  normally  take  readings  at  the  duct  face.     To  operate  the 
anemometer,  place  the  instrument  into  the  stream  of  air  being  measured.  Before 
starting,  check  to  be  sure  that  your  hands  are  cupped  around  the  meter  in  such  a  way  to 
prevent  obstructing  the  airflow  through  the  meter.     Allow  the  propeller  to  reach  maximum 
speed,  then  trip  the  engaging  lever  ;ind  begin  moving  the  meter  slowly  over  ^he  entire 
duct  ipeoing.     The  length  of  time  that  you  take  the  reading  should  be  determined  prior 
to  beginning,  remembering  that  the  longer  the  reading  time  the  more  accurate  you  will 
be. 

In  reading  the  anemometer,  suppose  you  held  the  instrument  in  the  airstream  for  two 
minutes.     The  readings  on  the  dials  would  be  read  in  the  following  sequence: 

Left  dial  reading. 

  Right  dial  reading. 

  Center  dial  reading. 

It  the  indicator  on  the  two  smaller  dials  is  between  any  two  numbers,  take  the 

reading  of  the  lesser  number  and  read  the  large  dial  exactly  as  indicated  (see  figure 
18). 

1.  The  anemometer  measures  air  velocity  in  what?  ^  

2.  Why  should  we  cup  our  hands  around  the  meter?  ^   


3.      In  what  sequence  are  the  dials  read?   


In  figure  18,  the  left  dial  reading  would  be  8000,  the  right  dial  reading  would  be 
300,  and  the  center  dial  reading  would  be  80.     Therefore,  combining  the  numbers  into 
proper  sequence,  the  resulting  anemometer  reading  would  be  8380. 
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Figure  18.     Anemometer  Reading  (AR) 
The  following  formula  is  used  to  convert  the  anemometer  reading  to  FPM  velocity: 
AR  ANEMOMETER  READING 

ET     »     ELAPSED  TIME 

FPM     .  ^ 

ET 

To  figure  the  FPM  of  our  sample  prublera,   the  answer  would  be: 

FPU    =    M    or   §380   .   8380   „     4190  ppM 

ET         120  (seconds)      2  (minutes) 

QUESTIONS 

1.      What  does  AR  mean?  

•;»•       What  is  ET? 


3*      What  is  the  formula  used  to  find  FPM  using  the  anemometer? 


Inclined  Manometer 

The  manometer  family  of  air  measuring  instruments  contains  various  types  and  styles; 
however^  we  will  limit  the  study  of  manometers  to  one  type,  the  inclined  manometer.  The 
manometer  is  used  to  measure  the  pressure  of  air  in  inches  of  water.    Within  the  duct 
system  we  find  two  predominant  pressures,  static  and  total.     Static  pressure  is  the 
outward  pressure  of  air  in  all  directions.     Total  pressure  is  the  force  exerted  by  the 
movement  of  air  in  the  direction  of  flow.     Often  it  is  impossible  to  get  the  manometer 
into  the  airstream  to  measure  the  pressure,  so  the  pitot  tube  was  developed  to  allow 
access  to  the  internal  sections  of  the  duct  in  hard  to  get  to  areas.     In  reality  the 
pitot  tube  is  a  tube  within  a  tube  as  indicated  In  figure  19. 

QUESTION 

What  are  the  two  pressures  within  the  duct  system?  
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Figure  19.     Pitot  Tube  and  Manometer  Installed 

The  pitot  tube  is  inserted  into  the  airstream  and  total  pressure  goes  into  the 
center  of  the  assembly  to  the  manometer,  forcing  the  oil  column  in  the  meter  downward. 
The  static  pressure  enters  the  small  ports  surrounding  the  tube  to  the  manometer  forcing 
the  column  of  oil  in  the  meter  tube  upward.     The  velocity  reading  is  taken  on  the 
adjustable  scale  where  the  oil  level  stabilizes. 

QUISSTION 

Where  does  static  pressure  enter?     


The  pressure  indicated  on  the  manometer  is  known  as  pressure  of  velocity.     It  is 
represented  as  PV  in  the  conversion  formula  used  to  convert  pressure  into  feet  per 
minute.     To  convert  pressure  of  velocity  into  FPM,  the  following  formulas  will  be 
applied: 


FPM 
minute* 

PV 

X 

4050 


FPM  =  PV  X  4050 

the  number  of  feet  of  air  which  will  pass  through  a  duct  area  in  one 

symbolizes  square  root. 

pressure  of  velocity  as  read  on  the  inclined  manometer, 
multiplied  by. 

is  a  constant  and  is  based  on  the  velocity  of  standard  air. 


Now,   let's  see  how  the  formula  works.     Assume  the  velocity  pressure  reading  of  .25 
has  been  obtained  with  the  manometer. 


FPM  =         .25  X  4050  =  .5  x  4050  =  2025 


QUESTIONS 

1.      What  is  PV? 
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2.      What  is  the  formula  to  find  FPM  when  using  the  manometer? 


3.      Define  feet  per  minute. 


Velometer 

The  velometer  is  a  rugged  mechanical  system,  soundly  engineered  for  very  concise 
readings.     Inside  the  meter,  air  impinges  on  an  aluminum  vane  moving  the  pointer.  This 
vane  travels  in  a  calibrated  air  chamber  or  tunnel  constructed  to  be  airtight  to  provide 
a  desirable  scale  distributJ     .  The  moving  system  is  balanced  by  counterweights  to  pro- 
vide accuracy  in  all  positions.     The  moving  system  is  equipped  with  bronze  hairsprings 
and  moves  on  monel  pivots  which  ride  in  sapphire  jewel  bearings.     Some  velometers  are 
equipped  with  filters  to  protect  them  from  extreme  dust  conditions.     When  a  filter  is 
supplied  with  the  instrument,   the  filter  is  an  integral  part  of  the  instrument  and  must 
be  used.     If  the  filter  is  left  out,  the  instrument  will  give  a  false  reading. 

To  measure  velocities  at  supply  openings,  attach  the  proper  Jet  by  means  of  the 
appropriate  tube  and  tube  fittings.     To  determine  the  average  velocity,  mentally  divide 
the  opening  into  a  number  of  equal  areas.     Take  a  reading  at  each  of  the  areas  and 
average  the  readings.     There  is  no  exact  rule  for  the  exact  number  of  readings  that  must 
be  taken,  but  the  more  that  are  taken,  the  more  accurate  the  average*  and  it  is 
recommended  that  a  minimum  of  six  readings  be  used. 

To  measure  the  air  velocity  at  the  suction  opening,  connect  the  proper  Jet  by  means 
of  the  tube  and  tube  fittings  to  the  right-nand  port  of  the  meter.     While  taking  the 
readings,  hold  the  Jet  so  that  it  is  perpendicular  and  the  tip  is  in  the  same  plane  as 
the  openisig.     This  is  very  important  because  the  velocity  changes  very  fast  in  front  of 
a  suction  opening.     To  measure  velocities  inside  of  ducts,  use  the  duct  Jet  called  for 
in  the  manual  of  instructions.     The  duct  Jet  should  be  inserted  into  the  left-hand  port. 

Read  the  scale  marked  with  the  same  number  of  Jet  being  used. 

This  instrument  is  calibrated  for  use  with  air  being  measured  at  68*F  temperature. 
When  the  temperature  of  air  is  not  68*F  use  the  following  formula  to  compensate.  Remem- 
ber this  instrument  reads  directly  in  FPM. 

ir«*-»«i«.     460  +  temperature 

formula:    460  +  55*F   ^  velometer  reading 

QUESTION 

With  a  velometer,  air  velocity  is  measured  in  what? 


Calculating  Cubic  Feet  per  Minute  (CFM) 

After  establishing  the  FPM,  th^  CFM  can  be  established  using  the  formula: 

CFM  =  FPM  X  DUCT  AREA  (.*^qUARE  FEET) 

REMINDER: 

Air  velocity  can  be  measured  with  an  anemometer,  manometer  or  velometer.  After 
velocity  is  known,  it  is  a  simple  matter  to  determine  the  CFM. 
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BALANCING  AIR-CONDITIONIWG  SYSTEMS 


Air-conditioning  systems  are  designed  to  condition  the  air  within  the  system  and 
then  to  distribute  this  treated  air  to  the  proper  place,  in  the  proper  amounts,  and  with 
the  least  possible  annoyance  to  the  consumer  of  the  conditioned  air. 

Usi>  of  Air 

In  air-conditioning  practice,  as  air  is  passed  through  the  unit,   it  Is  heated  or 
cooled,  humidified  or  dehumidified,  cleaned,  and  then  distributed  to  places  where  it  is 
needed.     An  air-conditioning  unit,  regardless  of  its  efficiency,  and  its  size,  would  be 
handicapped  if  the  air  could  not  be  properly  distributed.     It  is  important  that  the  air 
distribution  be  accurately  proportioned  to  the  need  and  adapted  to  the  apparatus  in 
which  it  is  to  be  used.     The  distributed  air  must  be  clean,  provide  the  proper  amount  of 
ventilation,  and  must  carry  enough  heat  to  keep  the  conditioned  space  warm  or  must  be 
able  to  absorb  enough  heat  to  cool  the  conditioned  spaces. 

Stratification  of  Air 

Air  in  an  occupied  space  must  be  kept  moving,  or  stagnation  or  stratification 
results.     Warm  air  tends  to  rise,  cold  air  tends  to  settle.     In  a  room  where  the  air  is 
not  deliberately  moved,  the  air  will  assume  levels  according  to  temperature. 

It  is  important  to  locate  all  automatic  thermostats  and  humidistats  at  the  proper 
level  because  of  this  stratification.     Also,  stratification  tends  to  make  smoke  haze 
hover  in  layers. 

Unfortunately,  some  grilles  are  so  located  that  the  air  will  be  moved  only  in 
certain  parts  of  the  room  and  the  air  will  become  stagnant  in  other  parts  of  the  room. 
There  is  also  the  problem  of  the  obstruction  to  the  air  movement  caused  by  the 
furnishings  of  the  room.     For  this  reason,  and  to  enable  higher  grille  velocities,  some 
grilles  are  located  high  in  the  room  (6  feet  or  more),  and  some  are  located  in  the 
ceilings.     These  high  grille  locations  necessitate  that  the  grilles  be  attractive  in 
appearance  or  concealed*     This  is  called  a  diffusion  grill  because  its  design  promotes 
mixing  of  some  of  the  room  air  with  the  entering  air. 

Air  Ducts 

To  deliver  air  to  the  conditioned  space,  air  carriers  are  needed.  These  carriers 
are  called  ducts.  The  ducts  are  made  of  sheet  metal  or  some  noncombustible  structural 
material • 

The  ducts  work  on  the  principle  of  air  pressure  difference.     If  a  pressure 
difference  exists,  air  will  move  from  the  higher  pressure  to  the  area  of  lower  pressure. 
Vhe  greater  the  pressure  difference,  the  faster  the  air  will  flow. 

Two  shapes  of  ducts  commonly  used  for  carrying  air  are:     (1)  round  duct,   (2)  square 
or  rectangular  duct.     The  round  duct  is  the  more  efficient  based  on  volume  of  air 
handled  per  perimeter  distance  (distance  around).     That  is,   less  duct  material  is  needed 
to  make  a  large  enough  duct  to  carry  the  necessary  air. 

QUESTIONS 

1.      What  happens  to  air  if  it  is  not  kept  moving?   


2.      What  are  two  shapes  of  ducts  commonly  used? 


4^6 

ERIC 


The  square  or  rectangular  duct  harmonizes  with  building  construction  and  fits  into 
walls  and  ceilings  better  than  round  ducts.     It  is  easier  to  install  rectangular  ducts 
between  Joists  and  studs. 

Duct  Sizes 

To  determine  the  size  duct  that  should  be  used  to  carry  air  to  a  room,  it  is 
necessary  to  first  find  the  volume  of  air  that  is  to  be  delivered  to  the  room. 

This  volume  of  air  depends  on  the  amount  of  heat  the  air  must  deliver  to  the  room 
during  the  heating  season,  or  the  amount  of  heat  to  be  removed  during  the  cooling 
season. 

Determining  Air  Quantities 

To  determine  the  proper  air  quantities  to  each  room  there  are  certain  things  that 
must  be  known: 

1.  Specific  heat  of  air 

2.  Weight  of  air 

3.  Temperature  difference  between  supply  and  room  temperature 

4.  Total  Btus  of  the  conditioned  space 

The  specific  heat  of  air  is  the  amount  of  heat  required  or  released  to  change  the 
temperature  of  one  pound  of  air  1*F.     The  specific  heat  of  air  is  .24  Btus/Lb/Deg  F. 

The  weight  of  air  is  derived  from  the  definition  of  standard  air,  which  is  one 
pound  of  dry  air  at  70*F,  which  occupies  13.34  cubic  feet,  one  cubic  foot  has  a  specific 
density  (weight)  of  .075  at  atmospheric  pressure  of  14.7  psia  or  0  gage,  at  sea  level. 

?low  that  we  know  what  the  specific  heat  of  air  and  the  specific  density  or  weight 
of  standard  air  is,  we  can  compute  the  CFM  required  for  each  room  by  using  the  formula: 

pi?u  s    Room  Heat  Load  (Btus/HR) 

Room  load  will  be  found  during  heat  load  estimating  normally  done  by  engineers. 
The  temperature  difference  (TD)  would  depend  on  the  design  conditions.     The  1.08  is 
derived  from  multiplying  the  weight  of  one  cubic  foot  of  standard  air  (.075)  times  the 
specific  heat  of  air  (.24).     This  will  give  you  the  amount  of  heat  the  air  is  capable  of 
absorbing  in  one  minute.    We  then  multiply  this  times  the  number  of  minutes  in  one  hour 
(60),  which  gives  us  our  1.08,  the  heat  absorbing  capability  of  air  in  one  hour.  Then 
by  multiplying  times  our  design  temperature  difference  then  dividing  into  our  room  load 
will  give  us  our  Cubic  Feet  Per  Minute  (CFM)  required  to  maintain  desired  room 
temperatures. 

QUESTIONS 

1.      What  must  be  known  to  determine  the  proper  air  quantities  to  each  room?   


2.      What  is  the  formula  for  computing  the  CFM  required  for  each  room? 


EKLC 


2-26 

427 


Now  that  you  know  something  concerning  the  air  distribution  system,  all  that 
rPmRlS  is  tJ  balance  the  system.     Easier  said  than  done,   but  this  could  become  a  lone 
InStedlius  process?    By  using  the  formula  for  determining  room  air  volume,  you  can  then 

J  -T?h  thrroom  that  has  the  highest  heat  load.     Start  with  that  room  and  work  your 
waj  to  tJe  'rSom  w?th  tSe  ^oweS  hea?  load.     This  process  may  require  repeating  more  than 
oil    two    th?ee  or  more  times.     Remember,  once  you  change  the  air  flow  in  one  room,  this 
2ui  af f4ct  the  air  flow  in  another  room.     Continue  the  process  until  the  required  CFM 
per  room  is  reached. 

QUESTIONS 

1.      Which  room  do  you  start  with  to  adjust  the  CFM  air  in  each  room?   


How  many  times  is  this  process  repeated? 


3.      What  will  be  the  affect  of  airflow  in  one  room  if  the  airflow  in  another  room  is 
changed?   ■  


Read  the 
row  in  class. 


You  have  completed  the  directed  study  in  preparation  for  Day  37. 
following  paragraphs  and  be  prepared  to  discuss  the  Information  tomor 

There  is  a  definite  need  for  supplying  fresh  air  where  natural  ventilation  is 
insuflKlLi;  to  remove  heat,  vapors,  or  fumes  from  a  Juilding  or  process  -d  discharge 
it  Into  the  atomsphere;  to  collect  and  remove  dust;  and  to  circulate  air,  proviaing 
"comfort"  to  individuals.     You  will  be  responsible  for  maintaining  these  systems  which 
supply  this  fresh  air. 

The  biggest  problem  in  these  systems  is  excessive  leakage  in  air  '^"'^^f-  Jhls 
happens  mosfo?teS  when  ducts  fall  off  of  supply  air  plenums,  main  trunk  lines,  or  duct 
outlets^ 

Inspect  ducts  periodically  for  the  following  conditions:     deformation;  leakage 
losses  caused  by  loose  clean-out  doors,  broken  joints,  holes  worn  in  ducts  (most 
i?eauenUy  ?n  elbows)?  and  poor  connections  to  fans;  and  accumulations  of  material,  such 
is  lint,  and  condensation  of  oil  or  water  vapor,  on  the  inter  or  of  ducts.  Repair 

or  replace  defective  ducts  or  duct  connections.     Clean  ducts  annually. 


YOU  HAVE  COMPLETED  THE  DIRECTED  STUDY  AND  HOMliWORK  ASSIGNMKNT  IN  PRKPARATION  FOR  DAY  .i? . 
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WATER  PUMPS 


OBJECTIVE 


To  familiarize  you  with  basic  facts  about  centrifugal  water  pumps,  their  installa- 
tion, operation  and  maintenance.     Also,  to  provide  you  with  basic  facts  related  to 
cross-connection/back  flow  prevention- 


INTRODUCTION 


The  installation  and  maintenance  of  centrifugal  pumps  are  your  responsibilities. 
To  properly  maintain  an  enclosed  chilled  water  system,  one  must  be  able  to  service  the 
centrifugal  pump.     The  pump  moves  the  chilled  water  through  the  system.     You  will  also 
■>e  called  upon  to  service  the  centrifugal  pumps  used  to  circulate  water  in  a  cooling 
tower  condensing  system. 

Complete  directed  study.   Engineered  Performance  Standards  (pamphlet  will  be 
furnished  by  your  instructor)  and  be  ready  to  pass  a  written  criterion  on  this  material 
on  Day  38. 

Then  begin  here  for  homework  study  to  be  completed  prior  to  Day  38. 
Centrifugal  Pumps 

Centrifugal  pumps  may  be  either  single-  or  double-suction.     In  the  sincle-suc tion 
pump    the  water  enters  from  one  side  of  the  impeller  only.     In  the  double-suct lon  type, 
the  water  enters  the  impeller  from  both  sid3s.     Centrifugal  pumps  may  also  be  classified 
as  single  or  multiple  stage.     By  staging,  we  mean  the  number  of  impellers  the  water  must 
go  through  before  it  goes  to  the  outlet  of  the  pump.     In  a  three-stage  pump,  the  first 
impeller  would  pick  up  the  water,  put  it  in  motion  and  discharge  it  to  the  inlet  of  the 
second  impeller.     The  second  impeller  adds  more  motion  to  the  water  and  passes  it  along 
to  the  third  impeller.     The  third  impeller  adds  more  motion  to  the  water  and  discharges 
it  to  the  outlet  of  the  pump.     By  using  three  or  more  stages,   it  is  possible  to  lift 
water  100  feet  or  more. 

QUESTION 

1.      Where  does  the  water  enti?r  the  double-suction  type  centrifugal  water  pump?   


now  high  can  water  be  lifted  using  the  three  stage  centrifugal  water  pump? 


What  d03S  staging  mean? 


Most  centrifugal  pumps  used  in  refrigeration  work  are  of  the  single-suction, 
single-stage  type . 
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Principle  of  Operation 


The  centrifugal  pump  utilizes  the 
throwing  force  of  a   rapidly  revolving 
impeller.  The  liquid  is  pulled  in  at  the 
center  of  tlie  impeller  and  is  discharged 
at  the  outer  rim  of  the  impeller.     By  the 
time  the  liquid  reaches  the  outer  rim  of 
the  impeller,  it  has  acquired  a 
considerable  velocity.     The  liquid  is 
then  slowed  down  by  being  led  through  a 
volute  (a  gradually  widening  channel  in 
the  pump  casing).     Geo  figure  20.     As  tiie 
velocity  decreases,   tlio  pressure 
increases-     It  is  this  pressure  which 
enables  the  pump  to  move  the  liquid. 

QUESTIONS 


UlSCHAHr.C  K)*T 


Figure  20-     Simple  Centrifugal  Pump 


1*       How  is  the  water  or  liquid  brought  in  and  discharged  in  the  centrifugal  pump 
operation?      


2.       What  is  a  volute? 


Maintenance  of  Centrifugal  Pumps 

Never  run  a  centrifugal  pump  dry,   because  liquid  is  necessary  to  lubricate  the 
internal  surfaces.     Never  throttle  the  pump  suction  to  regulate  the  flow  of  water, 
because  cavitation  will  result.     Do  not  permit  the  pump  to  stand  idle  for  long  periods 
of  time.     It  should  be  operated  at  least  once  a  week.     The  following  paragraphs  discuss 
preventive  maintenance  inspection  and  pump  maintenance  requirements  pertinent  to 
centrifugal  pumps.  | 

DAILY  REQUIREMENTS.     Each  day,  you  should  inspect  the  centrifugal  pump  for  abnormal 
noise  and  vibration;  abnormal  pressure  and  flow  conditions;  excessive  or  inadequate 
packing  leakage  (water-cooled  bearing);  hot  bearings;  and  hot  stuffing  box. 

SEMIANNUAL  REQUIREMENTS.     Every  six  months,   you  should  check  alignment  of  the  pump 
and  driver  with  the  unit  at  a  standstill  and  normal  operating  temperature;  check  shaft 
sleeves  for  scoring;  replace  packing  by  cutting  the  packing  diagonally  and  stagger 
pieces  installed  around  the  shaft,   if  required;  drain  the  oil  from  oil-lubricated 
bearings.     Do  not  overgrease  the  bearings.     When  adding  grease,   remove  the  drain  plug  or 
use  a  safety  fitting  to  prevent  overgreasing. 

ANNUAL  REQUIREMENTS.     On  a  yearly  basis,   the  pump  is  dismantled,  a  complete 
inspection  is  performed,  and  the  following  requirements  are  satisfied.     Check  the 
wearing  ring  clearances  according  to  the  manufacturer's  instructions;  diametral 
clearance  between  0.005  and  0.025  inch  is  usual.     Examine  bearings  for  wear,  check 
.■clearances  according  to  manufacturer's  instructions,  and  o^'erhaul,   if  necessary-  Check 
ciiiaft  for  scoring,   corrosion,  or  wear  at  the  seals,  and  also  for  proper  alignment. 
Check  impellers  for  corrosion,  erosion,  or  excessive  wear.     Check  and  calibrate  pressure 
gages,   thermometers,  and  flowmeters.     Inspect  suction  and  discharge  strainers. 

QUESTIONS 

1.       Why  should  you  never  run  a  centrifugal  pump  dry?         


V/hat  should  be  done  when  adding  grease? 
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3.      What  should  impellers  be  checked  for? 


Instal latlon 

A  concrete  fouiiVdation  must  be  laid  before  a  centrifugal  pump  can  be  installed. 
Figure  21  shows  the  concrete  foundation  that  is  necessary  to  provide  a  strong  enough 
base  to  withstand  pump  vibration  and  maintain  alignment  of  the  pump  and  motor.  A 
one-inch  clearance  should  be  left  between  the  foundation  and  the  pump  base.     This  is 
done  to  allow  movement  of  the  bolts  and  to  align  the  pump  and  the  motor.     A  washer  is 
placed  between  the  head  of  the  bolt  and  the  pipe  to  hold  the  bolt  in  place.     The  bolts 
should  be  long  enough  to  stick  up  through  the  nut  after  the  pump  has  been  installed. 
V/edges  are  placea  near  the  center  of  the  motor  and  pump,  sometimes  near  the  middle  of 
the  bedplate.     The  wedges  provide  for  the  leveling  of  the  bedplate  and  proper  clearance 
for  grouting. 

QUESTIONS 

1.      Why  must  the  concrete  foundation  be  strong?   


2.      VHiat  should  the  clearance  be  between  the  foundation  and  the  pump  base? 


Figure  21.     Pump  Foundation 

Tighten  the  foundation  bolts  evenly  and  finger-tight  after  the  wedges  have  been 
adjusted.     Be  sure  the  bedplate  is  still  level.     Final   tightening  of  the  foundation 
bolts  is  made  after  the  grout  has  set  for  48  hours. 

Removal 

The  pump  and  motor  assembly  may  be  removed  after  removing  the  nuts  from  the 
foundation  bolts.     Lift  the  assembly  from  the  bedplate.     If  only  the  motor  or  pump  is  to 
be  removed,  unfasten  the  hold-down  bolts  on  either  one.     Disconnect  the  coupling  and 
lift  the  unit  out. 

QUESTION 

How  long  should  grout  be  allowed  to  set  before  final   tightening  is  accomplished? 
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INSTALLATION  OK  THE  FLEXIBLE  COUPLING 


Steelflex  Conplinc 

The  coupling  comes  in  two  pieces.     They  are  rciferred  to  as  halves.     Remove  tho 
motor  hold-down  bolts  and  slide  the  motor  back  to  increase  the  distance  between  the 
motor  and  the  pump  shafts.     Slide  one  of  the  hf^  1  ves  on  the  pump  shaft  and  the  other  on 
the  motor  shaft*     The  slot  key  Is  used  to  position  the  two  halves*     Tighten  the 
setscrews  to  hold  the  halves  in  place.     The  halves  are  pushed  together  by  remounting  the 
motor.     Press  the  steelflex  spring  into  place  around  the  coupling  halves  as  shown  in 
Figure  22,     The  coupling  cover  comes  in  two  pieces.     Install  the  halves  in  the  rubber 
retainers  and  bolt  them  together. 

Spider  Insert  type  Coupling 

Before  installing  this  coupling,   the  motor  hold-down  bolts  should  be  removed  and 
the  motor  pushed  back  to  make  enough  clearance  to  ^install  the  coupling  halves,  one  of 
each  shaft.     The  halves  may  be  secured  on  the  shafts  by  setscrews*     A  rubber  grommet  is 
placed  between  the  halves  as  the  motor   Ls  being  installed  and  the  halves  arc  being 
pulled  together, 

QUESTIONS 

1,       What  are  two  types  of  couplings?   


2,      How  are  the  halves  secured  on  the  shafts  using  the  spider  insert  type  coupling? 
t 


3,       On  the  steel    flex  coupling,  what  is  usec^  to  position  the  two  halves? 


Figure  22,     Steelflex  Coupling 
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The  motor  and  pump  halves  can  be 
brought  into  alignment  by  adjusting  the 
wedges  and  tightening  the  pump  and  motor 
hold-down  bolts.     Check  the  gap  and 
angular  alignnent  on  the  coupling.  The 
coupling  shown  in  figure  23  is  the  **spid 
Insert"  type.     The  normal  gap  is 
one-sixtoenth  of  an  inch.     The  gap  is  the 
difference  in  the  space  between  the 
coupling  halves  and  the  thickness  of  the 
spider  insert.     Angular  alignment,  a  bend 
in  the  coupling,  may  be  checked  by  using 
calipers  at  four  points  on  the  outer  ends 
of  the  coupling  hubs,  at  90*  intervals  as 
shown  in  figure  23. 


Figure  23.     Checking  Angular 
Al ignmcnt 


When  the  measurements  show  the  ends  of  the  coupling  hubs  to  be  the  same  distance 
apart  at  all  four  points,   the  unit  will  be  in  angular  alignment.     The  motor  hold-down 
bolts  are  loosened  and  the  motor  shifted  or  shimmed  to  obtain  gap  and  angular  alignment. 
The  bolts  are  tightened  down  after  the  adjustments  have  been  made. 

Alignment  of  the  puR:p  and  motor  through  the  flexible  coupling  is  very  important  for 
trouble-free  mechanical  operation.     The  following  steps  must  be  followed  to  start 
alignment  of  pumping  unit: 

—  Tighten  the  foundation  bolts. 

—  Tighten  the  pump  and  motor  hold-down  bolts. 

—  Check  the  gap  and  angular  adjustment- 
QURSTIONS 

1.       How  is  the  gap  determined?   


2.      What  is  the  normal  gap? 


Stuffing  Boxes  and  Packing 

In  repacking  be  sure  that  sufficient  packing  is  placed  back  of  the  lantern  ring  so 
that  the  liquid  for  sealing  is  brought  in  at  the  lantern  ring  and  not  at  the  packing 
(figure  24). 


Figure  24 
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The  piping  supplying  the  sealing  liquid  should  be  fitted  tightly  so  that  no 
air  enters-     On  suction  lifts,  a  small  quantity  of  air  entering  the  pump  at  this  point 
may  result  In  loss  of  suction. 

If  the  liquid  pumned  is  dirty,  gritty,  or  is  acidic;  sealing  liauid  should  be  piped 
to  the  stuffing  boxes  from  a  clean  outside  source  of  supply  in  order  to  prevent  damage 
to  the  packing  and  shaft  sleeve. 

Packing  should  not  be  pressed  too  tight,  as  this  may  r<?sult  in  burning  the  packing 
and  scoring  the  shaft  sleeve.  A  stuffing  box  is  not  properly  packed  if  friction  m  the 
box  is  so  great  that  the  rotor  cannot  be  turned  by  hand. 

Always  remove  and  replace  all  of  the  old  packing.     Do  not  re-use  some  of  the  old 
rings  because  they  "look"  all  rTght.     If,   for  instance,   the  outermost  accessible  rings 
only  are  replaced,   then  they  will  be  the  only  rings  compressed  when  the  gland  is 
tightened.     Consequently,   the  new  rings  will  have  to  do  all  the  work  of  sealing  the  box 
and  accelerated  packing  will  result.     The  old  rings,  having  been  previously  compressed, 
will  move  as  a  unit  and  fail  to  provide  any  sealing  effect. 

To  remove  packing,  a  puller,  as  illustrated  in  figure  25,   can  be  used.     It  consists 
of  a  short  corkscrew  section,  on  the  end  of  a  piece  of  flexible  wire,  attached  to  a 
handle.     If  the  packing  should  break  up  while  being  pulled  out,   all  the  broken  pieces 
should  be  removed  so  as  to  have  a  clean  and  clear  box  before  inserting  the  new  packing. 
A  small  piece  left  in  the  box  will  make  it  impossible  to  repack  the  pump  properly. 

QUESTION 

Why  must  all  of  the  old  packing  be  removed?    ^  .  — 


Figure  25 


If  the  new  nacking  is  slightly   large,   never  attempt  to  flatten  it  with  a  hammer. 
Place  the  packing  on  a  clean  flat  surface  and  roll   it  with  a  piece  of  pipe  until  the 
thickness  is  such  that  a  slight  effort  is  required  to  push  it  into  the  box. 
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placing  a  ring  over  the  shaft,  do  not  pull  the  ends  apart.     Twist  it  over  the 


When  . 

shaft  as  shown  In  figure  2G 


Figure  2G 

Th^  rines  should  be  tapped  individually  into  place.     Perferably,   this  may  be  done 

lore.     The  last  few  rings  may  be  pushed  into  place  using  the  packing  gland. 

The  packing  ring  Joints  should  be  staggered  as  each  ring  is  installed  (180-  apart 
for  two  rings,  90"  apart  for  three  rings,  etc.). 

Th*.  lantern  ring  must  be  installed  so  that  when  the  packing  is  compressed  it  lines 

repack  in  the  same  arrangement. 

*u    K^.r  i<!  fullv  Dacked  and  the  last  ring  has  been  firmly  tightened  with  tho 
,     .^^tntlt  s?a?t  a  few  times  by  hand  tc  "Glaze"  the  packing.     Then  back  off  tho 

|lr:^n:?ra:d'«t?g,uL%IngeJ-?!ght^nly-     This  allows  the  packing  to  expand  as  xt 
warms  up. 

S^rtwteS  aS..  Sns  or  scores  the  shalt  sleeve  and  the  pump  nust  be  shut  do.„. 

a„a  t:.r"r^5;:!;ei^"is:n2J.^^e!'M;ef 'tre%i:„f  t's  ---^HrrilrJt'L" 

hit  leen  "r2n  in^  only  a  few  drops  of  leakage  a  minute  are  necessary,  but  it  is 
essential.     Three  to  six  drops  is  desireable. 

QUESTION 

^u^^i'ir^€r  nf  narklnff  and  burns  or  scores  on  the  shaft  sleeve?  

What  causes  overheating  or  pacKing  ana  uurn& 


Care  mus 
shaft  sleeve 
amount  at  a  time 


t  be  exercised  in  tightening  the  gland  so  that  it  remains  square  to  the 
This  !s  done  by  tightening  the  gland  bolts  alternately  only  a  slight 
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If  this  is  not  done,  shaft  sleeves  may  be  scored  by  contact  with  the  innor  edge  of 
the  gland  bore,  and  the  scored  area  could  lead  to  rapid  packing  failure. 

Water  Pump  Operation 

Your  duties  may  require  you  to  clieck  pumps  for  correct  operation.     The  tOlJowing 
listed  items  will  be  helpful  to  determine  the  proper  operation. 

Check  for: 


o 

Proper  pump  rotation 

o 

Correct  pump  water  pressure 

(See  manufacturer's  specification) 

o 

Excessive  motor  and  bearing 

temperatures 

o 

Excessive  vibration  due  to 

loose  mounts 

o 

Sealed  suction  intake 

o 

Proper  drip  from  packing  (3 

-6  drops  per  minute) 

PUMP  DISASSEMBLY/REASSEMBLY 
Single  Suction  Pumps.     Refer  to  figure  27. 

1.  See  coupling  manual  for  coupling  disassembly- 

2.  Drain  suction  and  discharge  lines  and  pump  casing. 

3.  Remove  suction  and  discharge  piping  from  pump  flanges. 

4.  Remove  bolts  and  dowel  pins  from  pump  feet.     Pump  may  now  be  removed  from  base- 
plate for  bench  work  if  so  desired- 

5.  Remove  cap  screws  holding  suction  cover  (Part  9)  to  casing  (Part  1)  and  pull 
suction  cover  straight  out  to  remove.     If  suction  cover  cannot  be  removed  by  hand, 
screw  in  the  two  square  head  jack  screws  in  the  suction  cover  flange. 

6.  Screw  out  impeller  screw  (26),     Remove  impeller  washer  (69),   impeller  (2)  and 
impeller  key  (32). 

7-       Remove  packing  gland  nuts  and  packing  gland  (17).     Packing  gland  is  split  type  and 
can  be  removed  from  shaft.     Pull  out  front  packing  (13) — see  STUFFING  BOXES  AND 
PACKING — and  slide  lantern  ring  (29)  back  against  deflector  (38).     Remove  balance 
of  packing. 

8.  Remove  cap  screws  holding  casing  (1)  to  bearing  base   (19).     Casing  is  now  free  to 
be  removed.     Take  care  not  to  score  shaft  sleeve  (14)  when  casing  is  taken  off, 

9.  Slip  shaft  sleeve  (14),   lantern  ring  (29),   deflector  (40)  and  shaft  sleeve  gasket 
(38)  from  shaft. 

10.  Remove  cap  screws  from  bearing  cover — inboard  (35  and  bearing  cover — outboard 
(37).     Remove  bearing  covers. 

11.  Shaft  (6)  and  ball  bearings  (16  &  18)  may  now  bo  PULLED  (or  PUSHED)  from  bearing 
base  (19)  in  either  direction.     DO  NOT  HAMMER  SHAFT  AND  BEARINGS  FROM  BEARING 
3ASE.     If  difficulty  is  encountered  in  removal,  use  an  arbor  press  or  similar 
equipment  to  obtain  larger  forces.     BEAR  ON  OUTER  RACE  ONLY! 

12.  If  bearings  do  not  slip  off  shrift  after  removal  from  bearing  base,  use  same 
precautions  for  removal  as  mentioned  above.     BEAR  ON  INNER  RACE  ONLY! 

13.  Wrap  bearings  immediately  in  cloan  waxed  paper  or  clean  lint-free  ra^;s. 
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Figure  27,     Single  Suction  Centrifugal  Pump 


1 

Casing 

26 

Impeller  Screw* 

2 

Impeller 

29 

Lantern  Ring* 

G 

Shaft* 

32 

Impeller  Key* 

Suction  Cover 

35 

Bearing  Cover  Inboard* 

13 

Packing* 

37 

Bearing  Cover  Outboard* 

16 

Bearing- Inboard* 

38 

Shaft  Sleeve  Gasket* 

17 

Packing  Gland* 

40 

Deflector* 

18 

Bea  r  i  ng -Ou  t boa  r d  * 

G9 

Lockwasher* 

19 

Bearing  Base* 

73 

Casing  GasKet 

♦Indicated  interchangeability  among  single  suction  pumps. 
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ASShMBLY  PPvUCKnURE 

Single  Suctl<>n  Pumps.     The?  assembly  procedure  is  directly  reversed  from  the 
disarsembly  procedure,  with  the  following  precautions: 

1.  The  ball  bearings  should  be  given  an  ample  roatinK  of  grease  or  oil  Just   prior  to 
assembly. 

2.  Push  the  b(>;irings  onto  the  shaft,   pushing  against  the  inner  raceway-     Do  not 
hammer  on  tht^  bearings! 

3.  For  best  service,   use  new  gaskets  (38  &  73).     To  prevent  casing  gasket   (73)  from 
sticking  to  flanges,   coat  flanges  with  mixture  ()f   flake  graphite  and  motor  oil. 

4.  Draw   fhmge  bolts  up  slowly  and  ♦'V(»nly. 

5.  Follow  directions  in  STUFFING  WXES  AND  PACKIMG  when   repacking  pump. 

6.  Check  coupling  alignment  carefully.     See  COUPLING  ALIGNMENT. 

Since  pumps  are  subject  to  malfunction,   it  is  necessary  to  be  lamiliar  with  the 
commonly  encountered  types  of  pu^qps  ard  to  be  able  to  perform  maintenance  on  them. 

Ycu  have  completed  the  first  part  of  directed  study  in  preparation  for  Day  38. 
Read  the  following  paragraphs  ano  be  prepared  to  discuss  the  information  tomorrow  in 
class.     Directed  study  continued  on  page  4-1. 

Cross-connection  Control  Terms. 

Understanding  various  terms  end  their  usage,   as  related  to  cross-connection 
control,   is  basic  to  the  understanding  of  the  program  and  the  health  of  personnel  using 
Air  force  facilities  and  water  systems. 

AIR  GAP  (AG)  SEPARATION.     The  unobstructed  vertical  distance  through  the  free 
atmosphere,   between  the  lowest  opening  from  any  pipe  or  faucet  supplying  water  to  a 
tank,   plumbing  fixture,  or  other  device  at  the  flood   level  rim  of  the  receptacle.  An 
approved  air  gap  separation  must  be  at  least  double  the  diameter  of  the  supply  pipe, 
measured  vertically  above  the  top  rim  of  the  vessel — in  no  case  less  than  1  inch, 

APPROVED  SOURCE.     "Approved,"  as  used  herein  in  reference  to  a  water  supply,  means 
a  water  supply  that  meets  those  quality  criteria  stated  in  AFR  161-44,   or  that  meets  the 
State  criteria  if  more  stringent. 

AUXILIARY  SUPPLY.     Any  source  or  system  other  than  the  primary  potable  water  supply 
that  must  be  available  in  the  building  or  on  the  premises. 

BACKFLOV/.     The  flow  of  water  or  other  liquids,   mixtures,   or  substances  into 
distributing  pipes  of  a  potable  supply  of  water  from  one  or  more  sources,  other  than  the 
intended  source. 

HACKFLOW  PREVENTER.     A  device  or  means  to  prevent  backflow. 

BACKPKEStSURE.     A  positive  pressure  placed  on  any  Jownstream  component  of  a  system 
rt^lative  to  any  upstream  com]:)onent. 

BACKSIPIIONAGE.     Backflow  resulting  f rOTi  negative  pre.^  sure  in  the  distributing  pipe 
of  a  water  system. 

CERTIFICATION.     The  program  to  identify  the  training  and  minimum  level  necessary 
for  proper  inspecting,   testing,   monitoring,   maintaining,   and  repairing  of  blackflow 
devices. 

00WTAMIJ4ATI0N.     Food  and/or  water  .nade  unfit  for  consumption  by  humans  or  :'>.nimals 
because  of  the  presence  of  en vironr jntal   chemicals,   radioactive  elements,   bacteria  ur 
organisms,   the  by  product  of  tJie  growth  of  bacteria  or  organisms,   and  the  decomposing 
material   (to  include  the  food  substance  Itself)  or  waste  in  the  food  or  water. 
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CROSS-CONNECTION.     A  connection  or  arrangement  of  piping  or  appurtenances  through 
which  a  backflow  could  occur. 

DOUBLE  CHECK  (DC)  VALVE  ASSEMBLY.     An  assembly  composed  of  two  single  independently 
acting  check  valves,   including  positive  shutoff  valves  located  at  each  end  of  the 
assembly  and  suitable  connections  for  testing  the  water  tightness  of  each  check  valve. 

DRAIN.     Any  pipe  that  carries  waste  water  or  water  bearing  waste  in  a  building 
drainage  system. 

EXTERNAL  PROTECTION.     A  backflow  preventer  installed  on  a  water  service  supply  line 
to  a  building. 

FLOOD  LEVEL  RIM.     The  edge  of  the  receptacle  or  lowest  level  from  which  water 
overflows. 

HEALTH  HAZARD.     Any  condition,  Including  faulty  operating  conditions,  devices,  or 
water  treatment  practices,  that  may  have  or  create  undesirable  effects  on  the  user's 
health. 

HYDROPNEUMATIC  TANK.     The  pressure  vessel  in  which  air  pressure  acts  upon  the 
surface  of  the  water  contained  within  the  vessel,  pressurizing  the  water  distribution 
piping  connected  to  the  vessel. 

INTERNAL  PROTECTION.     A  backflow  preventer  installed  on  equipmenv  water  service 
line  within  the  building. 

OUTLET.     The  open  end  of  a  water  supply  pipe  from  which  the  water  is  discharged 
into  the  plumbing  fixture. 

PLUMBING  FIXTURE.     An  installed  receptacle,  device,  or  appliance  supplied  with 
water  or  that  receives  or  discharges  liquids  or  liquid-borne  wastes. 

PLUMBING  SYSTEM.     Includes  the  water  supply  and  distribution  pipes;  plumbing 
fixtures  and  traps;  soil  waste  and  vent  pipes;  building  drains  and  building  sewers, 
including  their  respective  connection  devices  and  appurtenances;  and  water  treating  or 
water  using  equipment. 

POLLUTION.     The  addition  of  sewage,   industrial  waste,  or  other  har.-nful  or  objec- 
tionable material  to  water.     A  general  term  that  does  not  necessarily  signify  the 
presence  of  disease-producing  bacteria. 

POTABLE  WATER.     Water  from  any  source  that  has  been  investigated  by  the  health 
Jurisdiction  and  that  has  been  approved  for  human  consumption. 

REDUCED  PRESSURE  (RP)  PRINCIPLE  BArKFLOW  PREVENTER.     An  assembly  of  diffential 
valves  and  check  valves,   including  an  automatically  opened  spillage  port  to  the  atmos- 
phere, designed  to  prevent  backflow. 

SANITARY  DEFECTS.     Conditions  that  may  permit  the  contamination  of  a  water  supply 
during  or  after  treatment.     Examples  include  connections  to  water  supplies  that  are  not 
safe,   low  water  by-passes  in  treatment  plants,  plumbing  fixtures  that  are  not  properly 
designed  and  installed,  or  leaking  water  and  sewer  pipes  in  the  same  trench. 

SUBMERGED  WATER  PIPES.     A  water  pipe  or  extension  thereto  from  a  public  water 
supply  terminating  in  a  tank,   vessel,   fixture,  or  appliance  that  may  contain  water  of 
questionable  quality,  waste  or  other  contaminant,  or  that  is  unprotected  against 
backflow. 

SURGE  TANK.     The  receiving,  nonpressure  vessel  forming  part  of  the  air  gap 
separation  between  a  potable  water  supply  and  an  auxiliary  supply. 

VACUUM.     Any  pressure  less  than  that  exerted  by  the  atmosphere. 

VACUUM  BREAKER  (ATMOSPHERIC)   (AVB).     A  vacuum  breaker  designed  so  as  not  to  be 
subjected  to  static  line  pressure. 

VACUUM  BREAKER  (PRESSURE  TYPE)   (PVB).     A  vacuum  broakcr  designed  to  operate  under 
conditions  of  static  line  pressure. 
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BACKFLOW  PREVENTION  PROGRAM 


Approved  Devices 

GENERAL  INFORMATION.     All  backflow  prevention  devices  and  assemblies  used  on  Air 
Force  installations  must  be  devices  that  have  been  tested  and  approved  by  the  National 
Foundation  for  Cross-Connection  Control  and  Hydraulic  Research,  University  of  Southern 
California.     The  air  gap  is  a  device  that  is  an  exception  to  this  list;  however,  all  air 
gap  installations  must  be  as  stated  within  this  manual. 

Approved  Applications 

CLASSES  OF  BACKFLOW  DEVICES:     Approved  backflow  devices  must  be  installed  based  on 
the  degree  of  the  hazard.     These  hazards  are  divided  into  three  classes,  which  are 
defined  below: 

Class  I — Low  Degree  of  Hazard.     Tf  a  backflow  were  to  occur,  the  resulting  health 
significance  would  be  limited  to  mino  '  changes  in  the  esthetic  quality,  such  as  taste, 
odor,  or  color.     The  foreign  substance  must  be  nontoxic  and  nonbacterial  in  nature,  with 
no  significant  health  effect. 

Class  II — Moderate  Degree  of  Hazard.  If  backflow  were  to  occur,  the  resulting 
effect  on  the  water  supply  would  be  significant  changes  in  esthetic  qualities.  The 
foreign  substance  must  be  nontoxic  to  humans* 

Class  III — High  Degree  of  Hazard.     If  a  backflow  were  to  occur,  the  resulting 
effect  on  the  water  supply  could  cause  illness  or  death  if  consumed  by  humans.  The 
foreign  substance  may  be  toxic  to  humans  either  from  a  chemical,  bacteriological,  or 
radiological  standpoint.     Effects  of  these  contaminants  may  result  from  short-  or 
long-term  exposure. 

Devices  that  protect  the  potable  water  supply  from  these  hazards  are  listed  in 
figure  2-28.     The  terms  contamination,  pollution,  backpressure,  and  backsiphonage  are 
explained  in  earlier  paragraphs. 

Degree  of  Hazard  Allowed  Approved  Devices 

Class  I  Air  Gap 

Atmospheric  Type  Vacuum  Breaker 
Pressure  Type  Vacuum  Breaker  i 
Double  Check  Valve  Assembly 
Reduced  Pressure  Principle  Device 


Class  II  Air  Gap 

Double  Check  Valve  Assembly 
Reduced  Pressure  Principle  Device 

Class  III  Air  Gap 

Reduced  Pressure  Principle  Device 


Air  Gap.     An  approved  air  gap  may  be  used  under  any  and  all  conditions 
of  hazard  and  pressure  conditions. 

Vacuum  Breakers.     Pressure  and  atmospheric  vacMum  breakers  are  primar- 
ily in-plant  or  end-^of-service  li-;.e  solutions  to  a  cross  connection. 
They  are  not  used  in  water  service  connections.     They  are  placed  at  the 
end  of  a  line,  and  at  fixtures  or  equipment  that  discharge  to  atmos- 
pheric  pressure.     These  do  not  protect  against  backpressure,  only 
against  backsiphonage.     There  must  be  no  valve  downstream  from  an 
atmospheric  type  vacuum  breaker. 

Reduced  Pressure  Principle  Device.     This  device  protects  against  both 
backpressure  and  backsiphonage  and  can  be  used  for  any  degree  of 
hazard. 

Double  Check  Valve  Assembly.     This  device  works  in  a  backpressure  or 
backsiphonage  mode.     This  device  neither  discharges  water,  nor  does  it 
provide  a  visual  sign  of  backflow  or  unit  malfunction.  Therefore,  it 
does  not  offer  the  degree  of  protection  provided  by  the  reduced  pressure 
principle  device. 


Figu'     28.     Allowable  Devices 
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Installation  Practices 


GENERAL  INFORMATION.     The  selection  of  proper  devices  Is  very  Important.  However, 
having  the  proper  device  on  the  connection  Is  not  sufficient;  the  device  must  be 
Installed  correctly. 

Before  Installing  any  device,  the  pipeline  should  be  thoroughly  flushed  to  remove 
any  foreign  material. 

If  the  approved  device  does  not  have  shutoff  valves,  valves  should  be  Installed  on 
each  side  of  the  device,  so  the  device  can  be  maintained  and  tested.     A  1/4-lnch  test 
cock  must  be  Installed  on  the  Inlet  side  of  the  Inlet  shutoff  valve. 

Devices  must  be  Installed  according  to  manufacturer's  Instructions. 

Devices  must  be  Installed  In  an  accessible  location,  with  ample  clearance  to  aid  In 
testing  and  maintaining  the  device. 


an 


^    ^    ^         gap  vwwwwav^-^—  —  -—  w  — 

The  maxlmumheight  Is  needed  so  that  the  device  can  be  easily  maintained  and  tested. 
Devices  should  be  protected  from  freezing  In  a  protective  Insulated  enclosure  or 
Installed  within  the  gulldlng:.     In  extremely  cold  areas,  some  form  of  heat  should  be 
provided  within  the  enclosure. 

REDUCED  PRESSURE  (RP)  PRINCIPLE  DEVICES.     Figure  29  shows  the  proper  Installation 
of  an  RP  device  on  a  building  service  connection.     The  RP  device  can  also  be  used  for 
Internal  protect  Ion . 


Side  View 


Figure  29.     Installation  of  a  Reduced 
Pressure  Principle  Device 

DOUBLE  CHECK  VALVE.     Figure  30  reflects 
valve  on  a  service  connection.     This  device 
well.    Minimum  and  maximum  distances  are  the 


Figure  30.     Double  Check  Valve 


a  typical  Installation  of  a  double  check 
an  also  be  used  for  Internal  protection  as 
same  as  that  for  the  RP  device. 
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PRESSURii;  VACUUM  BREAKER  (PVB).     The  pressure  vacuum  breaker  cannot  be  installed 
where  there  can  be  backpressure,  only  where  there  can  be  backsiphonage.     The  pressure 
vacuum  breaker  can  have  shutoff  valves  downstream  of  the  device*     The  pressure  vacuum 
breaker  roust  be  installed  at  least  12  inches  above  the  highest  outlet  or,  if  it  is 
feeding  an  open  tank,  at  least  12  inches  above  the  highest  overflow  rim  of  the  tank. 
Figure  31  reflects  a  typical  installation  on  a  lawn  sprinkler  system. 


■J* 


^  T 


1?"  Mininium  Above 
:i    Uio  Hiyhc'Sl  Outlet 


Hose  Bib 


Flow 
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Figure  31. 


Pressure  Vacuum 
Breaker 


Figure  32.     Atmospheric  Vacuuro  Breaker. 


ATMOSPHERIC  VACUUM  BREAKER  (AVB).     Just  as  the  pressure  vacuuro  breaker,  the 
atmospheric  vacuum  breaker  cannot  be  installed  where  there  can  be  backpressure,  only 
where  there  is  backsiphonage.     The  AVB  cannot  have  any  shutoff  valves  downstream  of  it. 
It  must  be  installed  at  least  6  inches  above  the  highest  outlet  or  the  topmost  overflow 
rim  of  a  nonpressure  tank.     Figure  32  reflects  a  cypical  installation  on  a  sprinkler 
system. 

AIR  GAP.     An  air  gap  shown  if  figure  33  is  the  physical  separation  of  a  potable 
water  system  supply  line  and  the  flood  rim  of  an  open  receiving  tank.     The  gap  must  be 
at  least  two  tiroes  the  diameter  of  the  supply  pipe,  but  not  less  than  1  inch. 
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SUPPLY  SERVICE 
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Figure  33.     Safe  Air  Gap — Ground  Level  Tank 
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BATTERY  PARALLEL  INSTALLATION.     Critical  potable  water  supplies  should  have 
parallel  installation  of  the  proper  approved  backflow  prevention  device.     Figure  34 
reflects  the  installation  of  parallel,  reduced  pressure  principle  prevention.  This 
avoids  interruption  to  the  water  service  when  maintenance  or  testing  is  required.  This 
type  installation  also  provides  a  higher  flow  capacity  than  provided  by  one  backflow 
preventer. 

Typical  Cross  Connections 

GENERAL  INFORMATION.     Cross  connections  are  possible  in  all  buildings  where 
fixtures,  devices,  and  equipment  are  connected  to  the  potable  water  supply.     In  this 
section,  some  typical  cross  connections  are  described;  however,  there  are  many 
circumstances  particular  to  Air  Force  operations  that  lend  themselves  to  this  potential 
hazard,  which  are  not  covered. 

SPRAY  HOSE  IN  SINK.     This  type  of  cross  connection  is  commonly  found  in  hospitals, 
kitchens,  and  janitor  closets.     A  hose  or  tube  is  connected  to  the  faucet  on  the  siak 
(figure  35).     When  the  faucet  is  left  running,  a  loss  of  pressure  of  the  supply  maia  can 
siphon  this  used  fluid  back  into  the  potable  water  system. 


Figure  34.     Parallel  Installation  Figure  35.     Spray  Hose  in  Sink 


SUBMERGED  INLETS.     At  many  Air  Force  installations  that  use  chemically  treated 
baths,   the  makeup  water  line  runs  directly  into  the  tank  (figure  36.)     If  there  is 
backsiphonage,  toxic  chemicals  can  be  sucked  back  into  the  potable  water  system. 

HOSE  BIBS.     A  hose  bib  seems  iuiiiicuous,  but  it  is  those  things  that  people  do  with 
the  hose  that  create  problems.     In  figure  37,  a  man  is  trying  to  blow  a  stoppage  out  of 
a  sewer  line,  but  with  a  sudden  drop  in  the  line  pressure,  this  contaminated  water  can 
be  back  siphoned  into  the  potable  w£.ter  system. 

LAWN  SPRINKLER.     On  a  large  number  of  lawn  sprinkler  installations,  the  sprinkler 

head  is  below  the  ground  surface  (figure  30).     Water  that  may  have  been  in  contact  with 

fertilizers  and  weed  killers  can  then  be  backsiphoned  through  a  leaky  valve  into  the 
potable  water  system. 

The  need  for  cross-connection  control  may  exist  anywhere,  whether  industrial  or 
residential.     Backflow  prevention  devices  help  protect  personnel,  by  preventing  potable 
water  contamination  or  potable  water  pollution  in  critical  water  supply  systems. 
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Figure  36,     Submerged  Inlet 


Figure  37.     Hose  Bibs 


Figure  38.     Lawn  Sprinkler 
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AIR  CONDITIONING  MAINTENANCE 

OBJECTIVE 

Familiarize  you  with  the  maintenance  required  for  air  conditioners. 
INTRODUCTION 

Maintenance  of  air  conditioning  systems  involves  preoperational  checks,  servicing, 
operation  and  correcting  problems  that  develop. 

Preoperational  Checks 

Preoperational  checks  should  be  performed  on  air  conditioning  equipment  after  it 
has  been  shut  down  for  the  heating  season.     Too  often  air  conditioning  equipment  has 
been  started  before  proper  checks  have  been  made,   resulting  in  equipment  damage. 

Check  the  condenser  for  cleanliness,  condition  of  fins  (air  cooled),  enough 
ventilation  (air  cooled),  and  proper  amount  of  water  flow  (water  cooled)-  The 
evaporator  should  be  checked  for  the  same  problems. 

Check  the  fan  motors  for  proper  lubrication,  secure  mounting  and  correct  alignment. 
The  fans  should  be  checked  for  correct  alignment,  security  on  shafts,  proper  fan  clear- 
ance and  cleanliness* 

The  condensate  drain  should  be  checked  very  carefully  to  ensure  there  is  no 
clogging.     When  a  condensate  drain  stops  up,  very  serious  i  roblems  to  other  equipment, 
within  system,  could  result. 

The  power  supply  should  be  checked  to  ensure  proper  voltage  is  supplied  to  unit. 
Most  air  conditioning  equipment  requires  its  own  source  of  power  because  this  equipment 
has  high  amperage  draws.     Therefore,  it  is  not  safe  to  install  other  equipment  or 
appliances  in  the  same  circuit. 

QUESTIONS 

1.      What  could  happen  to  equipment  when  there  is  no  preoperational  check?   


2.  What  should  the  condenser  be  checked  for? 

3.  The  fan  motors  should  be  checked  for   


4.      What  could  result  if  a  condensate  drain  was  stopped  up? 


5.      Why  should  A/C  equipment  have  its  own  source  of  power? 


EKLC 


445 

4-1 


CHARGING  PROCEDURES.     Now  that  the  preoperational  checks  on  the  unit  are  completed, 
your  next  job  may  be  to  charge  the  unit  with  refrigerant.     Always  pressure  check  tho 
unit  for  leaks,   and  evaluate  before  attempting  to  charge  the  unin.     The  ambient 
temperature  method  of  charging  will  be  discussed  here.     With  this  method,  you  will 
continue  to  charge  the  unit  until  a  predetermined  condensing  pressure  is  reached.  To 
calculate  the  operating  condensing  pressure  at  which  the  unit  will  be  considered  to  be 
fully  charged,  two  factors  must  be  determined.     The  ambient  temperature  must  be  known, 
and  the  condenser  cooling  medium  (air  or  water)  must  also  be  known. 


1.       Define  the  ambient  temperature  method  of  charging  an  air  conditioning  unit. 


2.      What  two  factors  must  be  known  to  calculate  the  operating  condensing  pressure? 


To  calculate  the  operating  condensing  pressure  on  a  forced  air  cooled  condenser, 
first  determine  the  ambient  temperature  at  the  condenser  (example  90*F).     Add  the 
condensing  factor  which  is  30*F  for  forced  air  cooling  or  25*  for  water  cooling  (90'F  + 
30*F).     Convert  the  total  temperature  to  refrigerant  pressure.     This  can  be  done  using  a 
pressure-temperature  chart,  or  the  pressure-temperature  scale  on  the  discharge  gauge  of 
your  manifold  gage  assembly  (120*  =  259.9  psig  R-22). 


Determine  the  operating  condensing  pressure  of  an  R-22  forced  air  coded  unit  with  an 
ambient  temperature  at  the  condenser  of  85*-  

Now  that  you  know  what  the  operating  condensing  pressure  should  be  you  can  vapor 
charge  the  unit  through  the  low  side,  until  that  pressure  is  reached. 

YOU  HAVE  COMPLETED  THE  DIRECTED  STUDY  AND  HOMEWORK  ASSIGNMENT  IN  PREPARATION  FOR  DAY  38. 
START  HERE  FOR  THE  DIRECTED  STUDY  ASSIGNMENT  TO  BE  COMPLETED  PRIOR  TO  DAY  39. 


Condenser  pressure  and  temperature  should  be  monitored  to  ensure  unit  is  accurately 
charged  and  functioning  properly.     Care  should  be  taken  because  excessively  high 
pressures  and  temperature  could  result  in  equipment  damage  and/or  danger  to  personnel. 

Evaporator  pressures  and  temperatures  should* be  monitored  periodically.  The 
biggest  problem  to  consider  with  evaporators  is  freeze-up,  which  is  caused  by  low 
temperatures  and  pressures. 


QUESTIONS 


QUESTION 


OPERATION  OF  WINDOW  UNIT 


QUESTIONS 


1. 


What  could  damage  equipment  or  injure  personnel  when  monitoring  condenser 
operation? 
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2.      What  is  the  biggest  problem  to  consider  with  evaporator  pressure? 


Air  leaving  the  evaporator  must  obviously  be  at  a  lower  temperature  than  the  room 
temperature  to  effect  any  cooling.     This  temperature  difference  (air  entering  coil  vs 
air  leaving  coil)  is  usually  between  15  and  20  degrees.     This  is  initially  a  design 
problem,  in  which  the  objectives  are  to  supply  sufficient  cool  air  to  take  care  of  the 
heat  load  and  to  keep  air  velocities  down  to  the  point  where  objectionable  drafts  and 
noises  will  be  prevented. 


What  is  usually  the  temperature  difference  between  air  leaving  and  air  entering 
the  evaporator?   


When  an  air  conditioning  system  is  operating,  the  amperage  draw  of  the  compressor 
should  be  taken.     With  the  system  under  a  full  load,  compressor  amperage  draw  should 
approximate  compressor  full  load  amps.     The  manufacturer  of  the  unit  determines  tlie  full 
load  amp  draw  of  the  compressor.     This  is  determined  when  the  unit  is  placed  under  the 
desired  design  conditions.     If  the  compressor  is  drawing  more  than  full  load  amps,  thero 
may  be  a  problem  in  the  system. 


What  is  full  load  amps  (FLA)? 


After  the  air  conditioning  system  has  been  operating  for  a  while  (5-10  minutes), 
the  evaporator  should  be  fully  active.     A  fully  active  evaporator  is  reached  when  the 
entire  evaporator  surface  is  obsorbing  heat.     We  can  determine  this  by  placing  our  hand 
at  different  locations  on  the  evaporator  and  feeling  the  temperature.     This  temperature 
should  be  about  the  same  in  every  location.     When  there  is  high  humidity  and  the  entire 
evaporator  is  sweating  this  is  another  indication  of  a  fully  active  evaporator. 

What  is  a  fully  active  evaporator?   


There  are  two  areas  of  trouble  to  consider  when  troubleshooting  an  air  conditioning 
system.     They  are  the  refrigeration  system  and  the  electrical  system. 

The  refrigeration  system  has  its  problems  within  the  closed  portion  of  the  system. 
Troubles  inside  the  unit  may  include: 

1.  Lack  of  refrigerant 

2.  Stuck  compressor 

3.  Inefficient  compressor 

4*      Clogged  refrigerant  circuit 


QUESTION 


NOTE:     Remember,  while  working  on  the  window  units  in  the  lab,  the  units  are 
not  under  a  full  load.     The  amp  reading  you  get  will  be  20  to  30 
percent  less  than  compressor  full  load  amps.     Full  load  amps  (FLA)  is 
the  amp  draw  of  the  compressor  under  full  load  at  design  temp. 


QUESTION 
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The  electrical  system  includes  all  the  controls  and  fan  motors  which  are  located 
(•xternally.     Some  of  these  items  are: 

I.       Faulty  T~stat  controls/motor  controls 

2*       Faulty  switches  (push  button  or  rotary) 

3.  Faulty  capacitors  (shorted  or  open) 

4.  Bad  relays 

5.  Bad  fan  motors  (bad  motor  windings  and/or  bearings) 

In  almost  all  of  the  above  electrical  troubles,  you  would  have  to  remove  and 
replace  each  faulty  item. 

Safety:     Be  very  cautious  when  working  on 
systems  when  power  is  applied 
because  of  the  electrical  shock 
hazard. 

QUESTIONS 

1.      What  are  the  two  main  areas  for  troubleshooting  air  conditioning  systems?   


2.      Name  three  problems  that  can  be  found  within  refrigeration  systems. 


3.       Name  one  problem  an  electrical  system  could  have. 
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COOLING  TOWERS,  WATER  TREATMENT  AND  EVAPORATIVE  CONDENSERS 

OBJECTIVE 

Familiarize  you  with  the  operating  principle  of  cooling  towers,  purpose  of  bleed 
off,  make-up  water  and  methods  of  capacity  control. 

INTRODUCTION 

Cooling  towers  are  used  to  cool  water.     The  recirculated  water  is  in  turn,  used  as 
the  cooling  medium  to  transfer  heat  from  ref ilgeration  condensers.     This  then  is  the 
primary  function  of  all  cooling  towers. 

Cooling  Towers 

The  purpose  of  cooling  towers  application  is  to  conserve  water.     This  is  not  too 
difficult  to  understand  if  we  realize  that  thousands  of  gallons  oi  water  are  circulated 
through  the  condensers  each  day.     "Once  through"  water,  because  of  cost  or  regulation,  is 
prohibited. 

This  in  turn  presents  several  operating  and  raaintenan. 
QUESTION 

What  is  the  purpose  of  a  cooling  tower?  


Principles  of  Operation 

The  basic  principle  that  all  cooling  towers  are  based  on  is  evaporation ,  or 
vaporization.     How  is  evaporation  effect  used  to  cool  water?    The  principle  is  based  on 
the  law  of  heat  flow — hot  to  cold — and  the  change  of  state  in  a  substance — a  liquid 
changing  to  a  vapor  is  referred  to  as  evaporation.     When  air  molecules  and  water 
molecules  come  in  contact  there  is  heat  transfer  (sensible  heat),  from  the  water  to  the 
air.     Cooling  towers  are  designed  to  operate  under  specific  conditions,  and  the  wet  bulb 
temperature  of  the  air.     That  is,  the  tower  can  only  cool  the  condenser  water  to  within 
the  approach  temperature.     For  example,  a  cooling  tower  has  an  approach  temperature  of 
10*F  and  a  condenser  water  temperature  set  at  70*F.     Now  on  a  particular  day  the  wet  bulb 
temperature  increases  to  75*F.     The  tower  will  only  be  able  to  cool  the  water  to  85*F. 
The  term  "approach"  is  used  to  indicate  cooling  tower  capacity. 

(wet  bulb  temperature)  +  (approach  temperature)  =  (water  temperature) 

75*F  +  10*F  »  85*F    (85*F  return  water  from  cooling  tower) 

QUESTION 

What  principles  are  all  water  cooling  towers  operate  on?   


It  is  important  to  gain  an  understanding  of  this  principle  of  operation,  to  allow  us 
to  function  as  operators  and  maintenance  crews  in  the  Civil  Engineering  field. 

In  another  section  we  will  learn  some  of  the  factors  which  affect  cooling  towers 
efficiency.  (Troubleshooting) 
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Types  of  Cooling  Towers 


Cooling  towers  can  bo  grouped  in  two  basic  types,   natural  draft  and  forced  draft. 
These  basic  types  can  turther  be  classified  on  the  basis  of  air  flow  in  relation  to  water 
flow* 


A  cooling  tower  is  an  enclosed  device,  designed  for  the  evaporative  cooling  of  water 
by  direct  contact  with  the  air, 

NATURAL  DRAFT,     A  natural  draft  cooling  tower  is  lependent  on  its  design  features 
and  atmospheric  conditions,   wind  velocity,  wet  bulb  temperature  and  other  conditions 
which  can  not  be  controlled,   to  affect  the  cooling  process. 

Natural  draft  towurs  must  be  located  in  a  position  where  the  natural  flew  of  air  is 
not  obstructed.     Air  flow  should  be  3  to  5  mllers  per  hour.     The  rate  of  water  flow  is 
usually  set  at  a  rate  of  5  gpra  per  ton  of  refrigeration, 

A  basic  cooling  tower  (figure  13) 
consists  of  water  spray,  a  collecting 
pan,  drain  connections,  and  a  structure 
of  louvers  or  so?  id  panels  which  fc.rm  an 
enclosure  or  spra/  chamber,     A  pump  is 
provided  for  the  recirculation  of  the 
cooled  condenser  water.     Most  cooling 
towers  are  equipped  with  an  adjustable 
bleed-off  to  help  reduce  scale  and 
corrosion. 


QUESTION 


Figure  39,     Schematic  Diagram  of  a 
Natural  Draft  Cooling  Tower 


What  would  be  the  disadvantages  of  a  natural  draft  cooling  tower? 


FORCED  DRAFT  TOWLRS,     The  terms  here  are  related  to  the  design  of  these  towers. 
Fans  are  used  to  "force"  the  flow  of  air,  which  can  be  controlled,   to  affect  both  the 
quanity  and  velocity  of  air,   especially  when  adjustable  dampers  are  used  in  the  air  flow 
stream.     Two  advantages  are  gained;     1)     smaller  systems  for  a  given  capacity,  2)  closer 
control  of  tower  cooling  capacity. 

Regardless  of  which  type  of  cooling  tower  is  in  use,  with  air  conditioning, 
approximately  1.8  gallons  of  water  will  be  evaporated  per  hour  for  each  ton  of 
refrigeration  capacity,   based  on  8,3  pounds  per  gallon  and  900  Btu  per  pound  (average), 

QUESTIONS 

I.       How  many  gallons  would  be  evaporated  in  24  hours  for  a  5  ton  unit? 


2.       List  two  advantages  of  forced  draft  cooling  tower. 
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Figure  40.     Schematic  Diagram  of  a  Forced  Draft  Cooling  Tower 
List  the  primary  purpose  and  function  of  water  cooling  tower,  condenser  and  pump. 


Calculate  the  water  requirements  for  a  water  cooled  system 

a.  Without  a  cooling  tower,  3  gallons  per  minute/ton,  using  a  five  ton  unit,  water 
used  one  hour.  ^  

b.  Using  a  cooling  tower,  water  evaporated  1.8  gal/hr/ton.   
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Methods  of  Cooling  Tower  Capacity  Control 


Capacity  control  of  cooling  towers  is  a  function  that  is  related  to  two  operating 
factors.  One  is  the  ambient  condition  of  the  cooling  tower,  and  the  other  is  the  load 
condition — heat  of  process  or  produce — affecting  the  refrigerant  cycle. 

A  sharp  drop  in  temperature  at  the  cooling  tower  (DB  temp)  or  increase  of  WB 
temperature  could  affect  the  cooling  capacity  of  the  cooling  tower.     Requiring  a  change 
in  air  flow  or  modulating  the  water  flow. 

At  the  load  end,   evaporator  or  condenser,   heat  added  from  load  or  ambient  would 
require  an  appropriate  response  at  one  or  more  cooling  tower  capacity  controls. 

Methods 

Modulating  the  water  flow. 

"    Three  way  valve 

-  Butterfly  valve 

-  By-pass  valve 
Modulating  air  flow 

-  Dampers  at  the  outlet  of  air  flow 

-  Multi-speed  fans 
Cycling  the  fan 

-  On -off 
QUESTIONS 

I.       What  are  the  two  factors  which  affect  the  capacity  of  cooling  towers  capacity? 


2*      List  three  methods  of  capacity  control  and  what  variable  is  being  sensed.  What 
agetit-medium  is  each  affecting?    


NOTE:     Refer  to  Figure  41,  Cooling  Tower  Capacity  Control  Diagram. 
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Figure  41.     Cooling  Tower  Capacity  Control  Diagram 
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Principles  of  Operation  of  Evaporative  jndensers 


Before  you  can  understand  the  principles  of  operation  of  the  evaporative  condenser 
it  is  important  to  know  the  principles  of  construction,  various  components  and  their 
arrangement.     Also  the  function  of  each  component.     See  figure  42,  page 

CONSTRUCTION  FEATURES.     Evaporative  condensers  are  built  in  much  the  same  manner  as 
forced-draft  cooling  towers,  with  the  conder  er  tubes  replacing  the  wetted  deck  and  being 
used  as  the  wetted  deckc     The  fans  draw  large  volumes  of  air  over  the  wetted  surface. 
The  evaporated  water  absorbs  heat  directly  from  the  condenser  tubes  at  the  rate  of 
approximately  900  Btu  for  each  pound  of  water  evaporated.     The  evaporative  condenser  has 
a  slightly  greater  heat  pickup  per  pound  of  water  evaporated  because  the  air  volume 
itself  will  create  some  condensing  in  the  evaporator  tubes. 

Similar  to  cooling  towers,   the  evaporative  condenser  must  have  a  sump,  water  make 
up,  pump  and  usually  a  refrigerant  receiver.     Capacity  control  is  similar  to  forced  draft 
cooling  towers. 

PRINCIPLES  OF  OPERATION.     The  heat  laden  gases  from  the  compressor  are  discharged 
into  the  condenser  tubest,  in  the  evaporative  condenser,  and  the  condensed  liquid  is  piped 
into  the  receiver.     Spray  nozzles  are  used  for  water  distribution  over  the  condenser 
tubes  in  larger  dropIc>ts  as  it  is  not  necessary  to  provide  smaller  particles  as  the 
condenser  itself  provides  the  heat  of  evaporation.     Air  enters  at  the  bottom  of  the 
condenser  tubes,  then  up  through  the  tube  bundle  carrying  with  it  the  vaporized  water  to 
discharge  air  ducts,  v'hich  on  large  systems  are  provided  with  modulating  dampers  for 
capacity  control.     Another  methc^'i  of  capacity  control  used  in  conjunction  with  modulated 
dampers  is  cycling  th^  fan. 


Why  is  the  evaporative  condenser  more  efficient  in  heat  transfer  than  other  types  of 
condensers? 


Figure  42.     Evaporative  Condenser 


QUESTION 
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Purpose  of  Make  Up  Water 


The  purpose  of  make  up  water  is  to  replace  water  consumption  loss  through 
evaporation,  bleed  off,  wind  drift  and  other  small  quantities  of  water  loss  in  condenser 
water  circulation. 

Cooling  towers  are  designed  to  provide  a  source  of  water  to  satisfy  the  cooling, 
circulation,*  and  self  cleaning  requirements  through  bleed  off.     There  are  two  basic  types 
of  water  sumps — dry  type  and  reservior.     The  dry  sump  uses  a  storage  tank  located  very 
near  or  in  an  inclosed  compartment. 

Losses  through  evaporation  are  calculated  at  1.8  gal  per  hour  per  ton.     Bleed  off, 
used  to  reduce  concentrations  of  suspended  and  dissolved  solids,  can  vary  between  2-4  gal 
per  nr  per  ton.     Remember,  about  970  Btu  is  required  to  vaporize  one  pound  of  water—one 
gallon  of  water  weight  about  8  pounds. 

EXAMPLE-     5  ton  unit,  how  many  gal/hr? 

1.8  gal  =     14.4  r  nds 
X  970      =     13968  Btu/hr 
X  5/ton  =     G9840  Btu/hr 

5/ton  =    60000  Btu  =9/gal/hr 

9840  Heat  of  compression 


Figure  43.     Location  of  Bleed  Lino 

SUMMARY 

Cooling  towers  are  an  important  part  of  air-conditioning  systems,  and  if  taken  care 
of  will  give  many  years  of  trouble-free  service. 

The  classes  of  cooling  towers  are  natural  draft  and  forced  draft  systems. 

Cooling  tower  piping,  types  of  fittings,  and  types  of  valves  nust  nect  the 
requirements  for  the  application  of  the  system. 

A  capacity  control  system  must  be  used  that  will  allow  the  system  to  handle  the 
maximum  refrigeration  load  and  also  operate  at  reduced  loads.     Capacity  control  is 
usually  provided  for  by  using  a  modulating  water  valve  that  is  operated  by  head  pressure. 

Cooling  tower  maintenance  and  service  procedures  should  be  followed  to  insure  an 
operational  system  with  as  little  downtime  as  possible.     This  can  be  accomplished  by 
correct  water  treatment  and  keeping  the  system  clean. 
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QUESTIONS 

1.  What  art^  the  two  typos  of  cooling  towers? 

2.  At  what  wind  velocity  are  natural  draft  towers  designed  to  operate? 
o.       What  is  the  evaporation  rate? 

4.  What  is  the  purpose  of  the  bleed-off? 

5.  When  using  a  forced  draft  tower,  how  much  water  must  be  circulated  through  the 


AFM  85-18,  Maintenance  and  Operation  of  Refrigeration,  Air-Conditioning,  Evaporative 
Cooling  and  Mechanical  Ventilating  Systems 

Trane  Air-Conditioning  Manual 


Wead  the  following  priragraphs  and  be  prepared  to  discuss  the  information  tomorrow 
(Day  tO^  in  class.     For  directed  study,   prior  to  Day  40,   read  the  information  and  answer 
all  QaestZoi?^.  following. 

Calculatir.:.  VTatci"  Ble.-d-Off 

The  cooling  tower  water  system  should  have  a  bleed-off  line  installed  in  a  position 
higher  than  the  water  level  in  the  tower  sump. 

The  bleed-off  is  adjusted  to  constantly  leak  or  bleed-off  a  certain  amount  of  water 
whi-ch  goes  down  the  drain.     The  purpose  of  the  bleed-off,  as  was  explained  earlier,   is  to 
reduce  the  concentration  of  minerals  in  the  cooling  tower  water,  which  in  turn  will 
reduce  scale  build-up  in  the  condenser.     The  bleed-off  line  should  be  manually  adjusted 
s^-^  that  '  Hough  water  is  being  bled  off  to  control  scale  build-up,  but  not  so  much  that 
water  i^.  Just  being  wasted.     Bleed  off  should  be  adjusted  to  somer/here  between  1-4 
gal/hr/ton.     For  most  systems,  2  gal/hr/ton  works  good.     To  calculate  bleed-off  rate, 
determine  tho  number  of  second  it  takes  to  fill  a  quart  jar  (1/4  gal).     Bleel  rate  in 
gallons  per  hour  -  900  (number  of  seconds  in  1/4  hr)  divided  by  the  number  of  seconds 
rufiuired  to  fill   tho  quart  jar.     Gallons  per  hour  per  ton  is  computed  by  dividing  gallons 
per  hour  by  the  tonnage  rating  of  the  system. 

Start  here  for  directed  study  to  be  completed  prior  to  Day  40. 

Operation  of  Cooli??^^;  Tower  and  Evaporative  Condenser  Capacity  Control 

There  ar^fj  tt  rr=:e  methods  used  to  control  the  temperature  of  the  water  flowing  through 
the  condenser. 

MODULATING  THE  WATER  FLOW.     The  quantity  of  water  flow  through  the  condenser  can  be 
increased  or  decreased  (modulated)  by  using  a  three-way  by-pass  valve  (figure  41).  The 
valve  will  decrease  the  amount  of  water  flowing  through  the  condenser  when  the  condensing 
pressure/temperature  decri-:ases.     This  is  Jone  by  by-passing  some  of  the  cooling  tower 
water  around  the  condenser  and  back  to  the  water  pump.     As  the  condenser  pressure/ 
temperature  increases,   the  three-way  modulating  valve  will  by-pass  less  and  less  water, 
standing  a   larger  quantity  through  the  condenser.     The  position  of  the  motorized  modulat- 
Ir)?:  vr-Tve  will  be  determined  by  the  t^..iperature  of  the  water  leaving  the  condenser.  Some 
evaporative  condensers  cycle  the  water  pump  off  when  the  sump  water  temperature 
decreases,  and  on  when  the  sump  water  temperature  increases. 


tower? 


You  have  completed  the  directed  study  in  preparation  for  Day  39. 
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QUESTIONS 


1.      What  effect  will  a  decrease  in  temperature  of  water  leaving  the  condenser  have  on 
the  three-way  modulating  valve? 


2.      As  the  temperature  of  the  water  leaving  the  condenser  Increases,   how  v/ill  the 
modulating  valve  react?   


3.      How  is  evaporative  condenser  sump  water  temperature  controlled? 


MODULATiNC  THE  AIR  FLOW.     You  know  that  cooling  towers  and  evaporative  condensers 
cool  by  the  process  of  evaporation.     You  also  know  that  the  evaporation  is  caused  by  the 
air  flowing  through  the  water  that  is  dripping  through  or  being  sprayed  into  the  cooling 
tower  or  evaporative  condenser.     Increasing  the  air  flow  will  increase  the  cooling 
effect,  and  decreasing  the  airflow  will  decrease  the  cooling  effect.     Air  volume  through 
the  cooling  tower,  or  evaporative  condenser  can  be  controlled  by  the  position  of  nodu- 
l^tlng  air  dTitnpers  located  at  the  air  outlet  of  the  tower  (figure  41).     The  dampers  woul(i 
be  positioned  automatically  (pneumatically  or  electrically)  according  to  the  temperature 
of  the  water  in  the  tower  sump.     As  the  temperature  of  the  sump  water  increases  the  modu- 
lating dampers  will  move  more  toward  the  open  position  increasing  air  flow  through  the 
tower  and  increasing  the  evaporative  cooling  effect.     If  the  sump  water  becomes  too  cool 
the  dampers  will  modulate  towards  the  cTosed  position  warming  tho  water  flowing  throuj^h 
the  tower.     The  signal  for  the  dampers  to  move  comes  from  a  thermostat  which  senscjs  th<i 
sump  water  temperature. 

QUESTIONS 

1.      How  does  increasing  the  air  flow  through  a  cooling  tower  or  evaporative  condenser 

decrease  the  water  temperature?  


2.       If  the  sump  water  becomes  too  cooi,  h^JW  does  moving  the  dampers  toward  the  closed 
position  warm  the  water?      
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CYCLING  THE  FAN.     This  method  of  capacity  control  is  similar  to  the  modulating 
dampers  explained  previously  in  that  it  involves  changing  the  amount  of  air  flowint^ 
through  the  tower  to  change  the  amount  of  cooling  effect.     Where  the  modulating  dampers 
change  the  amount  of  air  flow  in  proportion  to  the  amount  of  temperature  change  needed, 
cycling  the  fan  will  either  supply  full  cooling  wlien  the  fan  is  on,  or  no  cooling  when 
the  fan  is  off.     The  tower  fan  is  cycled  by  a  pressurpstat  that  is  connected  to  tlie 
compressor  discharge  line  (figure  41).     When  the-  discharge  pressure  increases,  the 
prossurestat  will  cycle  the  fan  on,  cooling  the  to^A'er  water.     When  the  discharge  pressure 
decreases  to  the  pressurestat  ^iOtting,  the  fan  will  cycle  off. 

QUESTION 

What  refrigeration  system  pressure  causes  the  tower  fan  to  cycle? 


Read  the  following  paragraphs  and  be  ready  to  discuss  the  information  tomorrow  in 
c lass. 

Installation  of  Cooling  Towers  and  Evaporative  Condensers 

Cooling  towers  are  erected  on  level  structures  and  muut  be  adequately  constructed  to 
withstand  their  operating  weight.     Proper  space  should  be  provided  so  that  maintenance 
personnel  can  readily  inspect,   service,  and  repair  all  components  of  the  cooling  tower^ 

Natural  draft  towers  are  usually  placed  on  elevated  structures  when  their  location 
is  too  close  to  a  building,  or  they  may  be  installed  on  the  ground  when  they  can  be 
placed  far  enou^^h  away  from  buildings  or  other  wind  obstructions.     Allowance  must  be 
given  for  maximum  circulation  of  air  through  the  louvers.     Natural  draft  towers  should  be 
located  so  as  to  obtain  the  benefit  of  prevailing  winds  during  the  summer  months- 
Forced  draft  towers  are  mounted  on  structural  steel  members.     They  may  be  installed 
indoors  or  outdoors.     If  installed  indoors,   they  are  usually  placed  near  the  outside  wall 
of  the  building  to  rediice  duct  work  to  the  outside.     The  size  of  the  ducts  must  never  be 
smaller  than  the  openings  of  the  tower,  and  square  or  sharp  bends,   as  well  as 
restrictions  in  the  ducts  and  louvers  should  be  avoided  in  the  installation,  a^.  they 
reduce  the  flow  of  air.     Usually  the  cooling  tower  water  pumps  are  installed  indoors  on  a 
level,  solid  foundation.     the  pump  must  always  be  installed  below  the  level  of  the  | 
water-collecting  pan  of  the  cooling  tower.     The  electric  motor  starter  to  the  tower  pump 
should  be  interconnected  with  the  compressor  motor  starter  so  that  the  pump  motor 
operatfpa  only  when  the  compressor  motor  is  operating. 

Usually  fittings  of  cast  iron  and  galvanized  steel  pipe  are  used  on  cooling  towers. 
The  pump  must  have  valves  and  unions  so  it  may  be  disconnected  easily  and  without 
draining  the  system.     Gate  valves  are  usually  used  in  system  piping  because  they  offer 
less  resistance  to  water  flow.     Never  install  pipe  or  pipe  fittings  smaller  than  the 
inlet  or  outlet  connection  of  the  equipment.     All  cooling  towers  must  have  a  drain  line, 
an  overflow  line,  a  bleed-off  line,  and  a  water  supply  line. 

Evaporative  condensers  may  be  located  either  on  the  outside  or  Inside  of  a  building. 
If  located  inside,   they  should  be  placed  next  to  an  outside  wall  so  that  a  short  air 
Inlet  duct  will  supply  sufficient  outside  air  for  cooling.     The  size  of  the  duct  must  be 
the  same  as  the  opening  to  the  unit. 

Discharge  air  outlet  ducts  must  be  Installed  to  direct   the  air  away  from  the  air 
Inlet  duct.     This  is  done  to  prevent  the  warm  moist  air  from  returning  into  the  condenser 
through  the  inlet  duct.     The  discharge  air  outlet  duct  usually  terminates  in  a  gooseneck 
to  prevent  rain  from  entering. 

Space  must  be  left  on  all  sides  of  the  condenser  for  servicing,  cleaning,  and 
maintenance.     Motors,  drives,  electric  switches,  and  controls  must  be  protected  with 
metal  hoods  or  guards  when  installed  outside. 

Evaporative  condensers  are  usually  installed  inside  in  climates  where  freezing 
weather  exists.     In  freezing  climates  the  only  evaporative  condensers  installed  outside 
are  the  units  that  operate  only  durl^:;  the  summer  months  for  air  conditioning. 
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In  freezing  climates  a  means  of  recirculating  the  room  air  through  the  condenser 
must  be  provided  for  maintaining  a  proper  condensing  pressure. 

Be  sure  all  evaporative  condensers,  whether  inside  or  outside  installations,  are 
placed  on  a  solid  level  foundation. 

Maintenance  of  Cooling  Towers  and  Evaporative  Condensers 

To  assure  long  life  and  efficient  operation,  periodic  maintenance  of  cooling  towers 
and  evaporative  coolers  is  of  prime  importance. 

o    Keep  the  water  free  of  dirt,  and  circulating  at  full  rate.     Clean  clogged  spray 
nozzles  and  clean  slime  and  foreign  matter  from  the  water  distribution  pan.  Periodically 
drain  and  flush  the  dirt  out  of  the  tower.     Clean  all  screens  and  make  sure  all  lines  and 
pipes  are  unrestricted. 

o    Establish  an  ongoing  water  treatment  program.     Maintain  an  adequate  concentration 
of  phosphates  to  control  the  formation  of  scale  and  corrosion.     Control  the  growth  of 
algae  by  adding  appropriate  algaecides. 

o  Make  a  physical  inspection  for  corrosion  so  that  corrective  steps  can  be  taken  if 
evidence  of  corrosion  is  found. 

o    Determine  cleanliness  of  heat  transfer  surfaces.     Note  any  abnormal  increase  in 
discharge  pressure  or  temperature  which  may  indicate  fouled  up  heat  exchanger  surfaces  or 
water  piping. 

Cooling  towers  and  evaporative  condensers  are  an  important  part  of  air  conditioninc 
systems  and  if  taken  care  of  will  last  a  long  time. 

Application  of  Evaporative  Condensers 

Evaporative  condensers  are  used  wh  re  lower  condensing  temperatures  are  desi-ed  than 
are  obtainable  with  air  cooled  condensers,  and  the  available  water  supply  may  not  be 
adequate  for  heavy  water  usage.     They  were  developed  originally  to  alleviate  the 
overburdened  water  supply  and  drainage  facilities  of  communities  where  many  small  to 
medium  sized  air  conditioning  systens  were  applied.     The  sizes  offered  by  various 
manufacturers  will  vary,  but  units  are  available  in  a  capacity  range  of  10  cons  to  22 , 
tons  of  gross  heat  rejection.     The  primary  use  of  evaporative  condensers  is  to  conden=,e 
refrigerants  but  they  may  be  used  to  cool  engine  jacket  waters,  oil  cooled  transformers, 
or  process  fluids. 

Water  Conditioning 

This  section  will  help  all  you  future  Refrigeration  and  Cryogenics  Specialists  to 
recognize  the  value  of  conditioned  water,  and  its  effect  on  the  efficiency  of  air 
conditioning  systems,   the  problems  encountered  in  water  circulating  systems,  and  methods 
of  controlling  these  problems. 

WATER  PROBLEMS.     Water  impurities  can  be  classified  as  dissolved  solids,   liquids  or 
gases,  and  suspended  matter.     An  example  of  dissolved  solid  is  sodium  chloride  (salt),  or 
calciim  carbonate  (scale  forming  material)  in  solution.     Dissolved  materials  cannot  be 
remoS  by  filtration.     Oxygen  and  carbon  dioxide  gasses  are  alP.o  dissolved  in  water.  An 
exam^e  of  suspended  matter  which  can  be  removed  by  filtration  is  ™f  •  ^^^^ ' 
The  term  "turbidity"  refers  to  the  amount  of  obstruction  to  the  passage  of  light  throui,h 
water  resulting  from  the  presence  of  suspended  matter. 

SCALE.     Scale  is  a  white  deposit  conKisting  of  compounds  of  calcium  and  maKuosJum. 
Scale  forms  from  three  main  activities: 

o  Evaporation  -  As  water  evaporates,  the  concentration  of  dissolved  minerals  In  the 
remaining  water  increases. 

o  Hardness  -  Hardness  refers  to  the  concentration  of  calcium  and  magnesium  salts  in 
water,  with  the  degree  of  hardness  being  directly  proportional  to  the  guantlty  of  calcium 
and  magnesium. 
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o    Uoverse  Solubility  of  Calcium  and  Magnesium  -  To  explain  reverse  solubility, 
supposo  wc?  take  a  |Oa.ss  of  water  at  80*F  and  dissolve  sodium  chloride  (table  salt)  in  the 
water.     Soon  we  woul<i  saturate  the  water  with  salt.     No  matter  how  hard  we  stirred,  we 
could  not  got  any  more  salt  to  go  into  solution.     Now,   if  the  same  water  is  heated  to 
100*F,  by  stirring  we  can  get  more  salt  to  go  into  solution  until  the  solution  is 
saturated  at  100*F,     More  salt  was  able  to  be  dissolved  into  the  water  after  it  was 
heated  to  100*F  because  sodium  chloride  has  direct  solubility,     A  glass  of  water  at  80*F  g 
saturated  with  dissolved  calcium  and  magnesium,  when  heated  to  100*F  will  cause  the  % 
rnagnesium  and  calcium  to  separate  in  solid  form  from  the  water  because  calcium  and 
magnesium  have  reverse  solubility.     In  other  words,  as  the  temperature  of  the  water 
increases,   the  solubility  of  calcium  and  magnesium  decrease.     When  calcium  and  magnesium 
separate  from  the  water  onto  hot  condenser  surfaces,   it  causes  scale* 

CORROSION,     Corrosion  of  ferrous  metals  in  distribution  systems,  cooling  tower 
systems  and  water  coded  condensers  is  a  serious  problem. 

Corrosion  of  metais  may  be  defined  broadly  as  the  chemical  or  electro-chemical 
reaction  that  the  metal  has  with  the  environment  surrounding  the  metal,   often  resulting 
In  its  deterioration  or  destruction.     As  pertaining  to  water  problems,   the  environment 
considered  will  be  water.     In  many  conditions,  most  metals  are  unstable,  and  tend  to 
revert  to  a  more  stable  combination,   i.e.,   they  tend  to  go  back  to  the  condition  of  the 
metalic  ores  as  found  in  nature.     When  metal  comes  in  contact  with  water,   the  rate  of  the 
metal  reverting  to  the  oxide  form  is  increased-     As  the  conditions  of  the  water  change, 
this  rate  of  revertlon  changes.     Some  water  conditions  increase  this  rate  (rapid 
corrosion)  and  some  conditions  retard  the  rate   [minimum  corrosion), 

o    Chemical  Corrosion  -  Corrosion  caused  by  chemical  reaction  occurs  when  the  water 
has  an  acid  content-     During  chemical  attack,   the  metal  dls;iolves  into  the  acid  solution. 
Chemical  corrosion  can  be  recognized  by  uniform  deterioration  of  the  metal - 

o    Electrochemical  Corrosion  -  Electrochemical  reaction  is  similar  to  the  reaction 
which  takes  place  in  a  car  battery.     When  two  metals  of  the  same  type  are  joined 
together,   they  are  relatively  safe.     When  two  dissimilar  metals  are  in  contact,  such  as 
brass  and  steel,  a  ceil  results.     Metal  will  be  removed  from  one  and  will  be  depostied 
upon  the  other.     Electrochemical  corrosion  can  be  recognized  by  non-uniform  pits  and 
cavities  in  the  metal. 

I 
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Figure  44.     Dissimilar  Metals  -  Cell 

ALGAE.     Algae  are  microscopic  plants,  green  or  brownish  in  color  which  need  sunlight 
to  grow.     Algae  thrive  in  cooling  towers  where  there  is  abundant  sunlight  and  high 
temperatures  to  carry  or^  their  life  process. 

Slime  are  bacteria,  microscopic  animal  life,  which  may  or  may  not  require  light  for 
growth,  depending  on  the  type. 

These  growths  are  very  common  in  condenser  water  systems  and  less  common  in  closed 
loop  systems.     Both  types  usually  enter  the  cooling  water  system  as  airborne  particles, 
but  they  can  also  be  brought  in  by  birds  or  by  way  of  makeup  water.     Many  different  types 
of  algae  and  slime  can  be  present  in  a  single  system. 
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Effects  of  Water  Problems 


SCALE,     Scale  is  an  insulator  of  heat.     Insulating  materials  similar  to  asbestos  are 
made  of  calcium  and  magnesiuro  coi;?bounds.     Such  materials  will  prevent  the  heat  of  a  blow 
torch  from  penetrating  them.     Tests  have  shown  that  some  scales,   the  thickness  of  a  dime 
on  condenser  suiTaces,  will  reduce  the  efficiency  of  the  condenser  by  as  much  as  50 
percent.     Scale  causes  condensing  units  to  operate  at  higher  head  pressures.     This  causes 
the  condensing  temperature  to  become  higher  which  causes  even  more  scale  to  form, 

CORROSION,     The  products  of  corrosion  cause  restrictions  by  plugging  small  openings, 
etc.     These  restrictions  reduce  the  carrying  capacity  of  the  lies,   increase  frictional 
resistance  and  pumping  costs.     The  cost  of  line  replacement,  due  to  damage  by  corrosion 
is  very  high.     During  repair  work,   some  critical  equipment  mij^ht  have  to  be  shut  down, 

ALGAE,     Algae  can  be  extremely  troublesome,  and  is  capable  of  fouling  the  condenser 
water  system.     Algae  formations  will  plug  no>:zles,   and  prevent  proper  distribution  of 
water,   leading  to  high  condensing  temperatures.     Living  algae  on  metal  surfaces  can 
accelerate  corrosion  in  the  form  of  pitting,   and  dead  algae  can  be  carried  into  the  systm 
to  cause  pitting  in  heat  transfer  units.     Algae  prefer  water  with  high  temperatures  and  a 
PlI  range  from  7,0  to  9o0, 

This  section  will  deal  with  th^  procedure  to  chemically  treat  water  for  scale, 
corrosion,  and  algae, 

LABORATORY  SAFETY 

Before  making  chemical  analysis  of  water  sample?;,   you  must  be  aware  of  the  ^afoty 
practices  that  apply  to  chemical  laboratories* 

o    Never  mix  chemicals  haphazardly, 

o    Do  not  taiite  or  drink  chemicals, 

o    Use  smallest  amount  of  chemicals  necessary  to  get  desired  results, 

o    Perform  experiments  at  arm's  length, 

o    Smell  gases  slowly, 

o     Have  plenty  of  ventilation, 

o    Always  add  acid  to  water,   not  water  to  acid, 

o     Use  face  shields,   rubber  glovoj=;,  and  aprons  when  using  scale  cleaner. 

o     If  hands  or  skin  burn,   fl»    h  them  with  plenty  of  water, 

o     Label  all  chemicals  and  tests, 

o     Do  not  close  containers  that  are  heating. 

The  work  of  a  refrigeration  specialist  in  water   treatment  can  be  safe  if  ti.e 
specialist  will  use  a  few  simple  precautions  in  thti  iiandling  and  mixing  of  chemicals,  and 
the  handling  of  glassware  and  operating  equipment.     Accidents  Just  do  not  happen;  they 
are  caused  by  unsafe  acts  sr  conditions.     The  skilled  operator  knows  his  chemicals,  the 
proper  method  of  mi^iri^  them,   the  correct  manner  of  operating-  his  ec^iipment,  and  the 
importance  of  keeping  his  mind  on  his  work.     The  last  is  very   important  because  many 
times  after  an  accident,   the  victim  has  remarked,   "I  wasn't  thinking." 

Handling  Acids  and  Bases  (Alkalies) 

Acids  and  bases  (alkalies)  can  cause  severe  burns  when  they  come  in  contact  with  the 
skin.     When  handling  chemicals,   never  put  your  hands  to  your  eyes  or  face  without  first 
washing  them.     The  skin  tissure  of  your  face  is  more  sensitive  than  that  ol  your  hands 
and  is  more  easily  irritated.     Rubber  gloves  must  be  worn  when  handling  concentrated  acid 
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to  protect  your  hands.     To  protect  your  clothes  you  must  wear  a  rubber  apron.  Before 
using  these  protective  devices  they  should  be  inspected  to  assure  that  they  will  afford 
the  protection  for  which  they  are  intended. 


When  mixing  concentrated  acids  with  water,   the  acid  should  be  slowly  poured  into  the 
water  and  the  solution  should  be  constantly  stirred  with  a  glass  stirring  rod  to  prevent 
a  concentration  of  the  acid  in  a  small  area  of  the  water.     Failure  to  follow  this 
procedure  may  result  in  the  acid  boiling  and  splattering  the  surrounding  area,  causing 
severe  burns  to  the  operator.     NEVER  POUR  WATER  INTO  ACID. 

COMMON  CHEMICALS  ASSOCIATED  WITH  WATER  TREATMl^NT 

Most  of  the  chemicals  that  you  will  be  concerned  with  in  this  course  are  listed  in 
Table  of  Chemicals,  Table  1.     The  formula,   chemical  name,   and  common  name  or  usage  that 
will  be  important  to  you  are  included.     NaCl  for  instance,    is  the  chemical  formula  for 
for  table  salt.     The  chemical  name  for  table  salt  is  sodium  chloride.     Table  salt  is 
sometimes  tised  in  refrigeration  work  as  a  brine. 


FORMULA 

CHEMICAL  NAME 

COMMON  NAME  OR  USAGE 

Ca 

Ca Icium 

Scale  forming  element 

Ca (HCO3 )2 

Calcium  Bicarbonate 

Temporary  hardness 

CaC03 

Calcium  Carbonate 

Limestone  (sea le ) 

CaCl2 

Calcium  Chloride 

Brine 

Ca(0H)2 

Calcium  Hydroxide 

Lime  (water  treatment ) 

CO2 

Carbon  Dioxide 

Cor ros ion  he 1 per 

CI 

Chlorine 

Algae  control 

HCL 

Hydrochloric  Acid 

Scale  cleaner 

HoO 

Hydrogen  Oxide 

Water 

Mg 

Magnesium 

Scale  forming  element 

0 

Oxygen 

Corrosion  helper 

Na2G03 

Sodium  Carbonate 

Soda  Ash  (water  treatment) 

NaCl 

Sodium  Cloride 

Brine  and  table  Salt 

NuOll 

Sodium  Hydroxide 

Caustic  soda 

H23O4 

Sulphuric  Acid 

pH  adjustment 

Na3P04 

Trisodium  Phosphate 

Surface  active  agents 

Table  1.  Table 

of  Chemicals 

ACIDS,  BASES, 

AND  SALTS 

Acids,  bases,   and  salts  are  chemical  compounds  linked  vith  waters  used  in 
refrigeration  systems.     The  early  chemists  found  that  compouiids  had  distinct  tastes. 
Vinegar  and  lemon  juice  had  a  scur  taste  so  the  chemists  named  them        ids"  from  the 
Latin  word  "Acidus,'*  meaning  sour. 

The  second  group  of  compounds  snch  as  caustic  soda  and  lime  had  a  bitter  taste. 
This  group  of  compounds  would  destroy  the  sourness  of  acids  and  would  act  as  a  foundation 
for  the  manufacturing  or  making  of  the  third  group.     Since  they  acted  as  a  foundation 
they  were  called  bases. 
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The  third  group  of  compounds  was  obtained  by  mixing  a  base  and  an  acid  together. 
These  compounds  had  a  salty  taste  and  were  called  salts.     When  these  salts  are  ox^...  with 
water    we  call  them  brines.     Table  salt  mixed  with  water  produces  »  «odium  chUri> 
brine.'    Cold  brined  are  used  in  ice  plants  to  circulate  around  fr^'T.  .ater  icr  o  .  ,  to 
proSuie  Tee.    Brines  are  very  corrosive  to  metals;  therefore    co'.roslon  xnbib-  ,r  are 
employed  to  redu-s  corrosion.     You  will  perform  antifreeze  and  corrosion  ir...iL..„.  tests 
on  brines. 

Ethylene  glycol,  the  antifreeze  similar  to  that  used  in  your  car.   is  "Rfd  in  chilN^d 
water  systems  to  low4r  the  freezing  point  of  water.     These  solutions  are  called  brines 
when  used  for  this  purpose.     However,  chemically  ethylene  glycol  is  not  a  brine. 

Tests  for  Acids 

The  acids  you  will  be  most  concerned  with  are  hydrochloric  and  sulphuric.  These 
acids  are  shown  in  Table  1. 

A  very  simple  test  is  to  place  litmus  paper  in  the  acid  solution.  Acids  turn  blue 
litmus  J!per  red  Another  test  for  acids  is  to  check  the  solution  with  phenolphthalein 
("P'  indicator).     "P"  indicator  remains  colorless  when  placed  in  acids. 

Concentrated  Rcids  such  as  scale  -leaners  are  very  dangerous  and  must  be  handled 
with  extreme  care.     The  use  of  scale  c.eaners  will  be  covered  at  a  later  time.     Yoj  are 
ca^Jio^ed    however,  never  to  pour  water  into  acid,     ^here  is  an  urge  in  most_cudents  to 
mix  chemicals  just  to  see  what  happens.     Remember  Rule  One  of  laboratory  safety.  NbVhK 
MIX  CHEMICALS  HAPHAZARDLY. 

Tests  for  Bases 

Bases  are  probably  not  as  well  known  as  acids  but  they  are  just  as  important. 

Sodium  hydroxide  is  a  white,  crystalline  solid.     It  is  soluable  in  water,  bitter  to 
the  taste    feels  slippery  betweei  the  fin,-ers  and  "burns"  the  skin.     It  is  known  as  lye 
oJ  causJ?c  soda      Ne??  to  sulfuric  acid,  s.dium  hydroxide  is  probably  the  most  widely 
used  chemical.     It  is  a  very  strong  base  and  must  be  handled  with  caution. 

Bases  turn  red  litmus  paper  blue.     When  the  pH  is  above  7.9.  bases  turn  "P" 
indicator  red.     Bases  are  used  to  neutralize  acids. 

TESTING  FOR  pH 

Just  as  a  thermometer  measures  the  intensity  of  heat.  pH  measures  the  i"tensity  of 
an  acid  or  base  in  solution.     pH  means  potential  hydrogen;  a  hydrogen  atom  that  '^^s  lost 
i?s  elec?Jor(H+) ;  a  positive  hydrogen  atom:  a  positive  hydrogenion.     Where  many  hydrogen 
atoms  lose  their  electrons,   the  water  solution  containing  these  hydrogen  ions  becomes 
very  aggressive;  so  aggressive,  in  fact,   that  the  water  will  eat  metal  right  oti  Lro« 
pipes.     This  aggressive  water  is  acid  in  nature. 

QUESTIONS 

1.      What  does  pH  mean?  .  


2.      What  does  pH  measure? 
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pll  determines  the  dugree  of  acid  or  base  in  solution.     As  we  explal.ied  oarll'?r,  with 
litnius  paper  and  "P"  indicator  we  can  determine  whether  a  solution  is;  arid  or  b:ise,  but 
we  cannot  determino  tlic  dc^groe  of   intonsity.     With  pH  coniparators ,  we-  can  dijtemine  not 
only  the  nature  of  the  solution  but  also  tlie  intensity  of  arid  or  *;ise-     Acids  contain 
nore  hydrogen  ions  (H  =  )  than  hydroxy  1  ion.s  (0H-)  and  range         pH  from  6.9  to  zero.  Bases 
contain  more  Oil-  ions  than  H+  ions  and   range  in  p\\   from  7.1   lu  14. 

QUKSTIONS  ( 
1.       What  range  on  the  pH  scale  represents  acid?  ^    _   


2.       What  ran»je  on  the  pll  scale  represents  a  base? 


Pure  water'  is  made  up  of  H2O  molecules,  but  also  contains  H+  ions  and  CU-  ions  in 
equal  amounts.     The  pH  of  pure  water  is  7.0  which  is  neutral;  neither  acid  nor  base. 
When  there  are  impurities  in  water,  usually  thii>  balance  is  disturbed  and  ther     is  more 
11+  or  H0-.     This  causes  the  water  to  be  acid  or  base.     Going  a  step  further,         is  can  be 
identified  as  those  substances  which,  when  dissolved  in  water,   increased  the  hv'Jrogen  ion* 
(H+)  concentration  bases  as  those  substances  which,  when  dissolved  in  water,   increase  the 
hydroxyl  (0H-)  ion  concentration.     HCL  is  an  acid.     NaOH  is  a  base. 

QUESTIONS 

1.       What  is  the  pH  of  pure  water?  


2»       V/hat  does  that  pH  figure  indicate?  

 .  « 


It  has  been  found  that  the  hydrogen  and  hydroxyl  ion  concentration  of  pure  water  is 
O.OOOOOOl  gram  per   liter.     This  is  equal  to  1/10*^  grams  per  lit3r  and  a  pH  of  7.0.  If 
the  liydrogjn   ion   (R+)   is  increased,   say,   10  times,    there  wouK    then  be  10  times  O.GOUOOOl 
^ram  per   litter  or  0.0000001  =  1/10^  grams.     The  pH  value  of  the  water  would   then  be 
expressed  as  6.0.     A  pH  of  5.0  is  10  times  more  acid  than  a  pH  of  CO. 

The  relation  between  H+,  0H-,  and  pH  values  is  shown  in  figure  45. 


HIGHLY  aCID 


pH  or  7  IS 

NLUTRAL 


HIGHLY  BASIC 


BASE 


-1  1  1  1  f  \  1  1  -!  h 
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9       10       11       12      13  14' 


2  3  4 
INCREASING  H« 
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r.QUAl    H-  AND 
Oh  IfiNS 


Figu*  ^  45.     pH  Relationship 
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What  is  the  difference  in  acid  content  of  water  with  a  pH  of  5,  and  water  with  a 
of  6?   .  


Note  that  as  the  pH  value  decreases,  the  H+  increases  and  the  OH-  decreases-  At 
zero  pH,   the  H    is  at  maximum  and  OH-  at  minimum.     For  basic  waters  the  reverse  is  true. 
As  the  water  becomes  more  basic,   the  concentration  of  OH-  increases  but  tho  H+  decreas<?s. 
At  pH  14,  OH-  is  at  maximum  and  H+  is  at  miniinum. 


BEbT  pH  FOR  COOLING  TOWEK 

NEUTRAL  I 

-BASt  OW  ALKALINE—— 


/ 


7  8  9         10        Jl         12         IJ  14 


1  1 

;COMMOS10N  CHEMICAL  ^ 

lOW  SLALt' 

(S(ALt   WHTN  HAKDNLbb  ' 

Ok 

lb  ABOVE  JOO  PPM) 

(.ORHO'jION 

ZONE 

Figure  46.     pH  Adjustment 
What  is  the  best  pH  for  cooling  \-  ■>  '  ^  water?   


The 
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pH  VALUE,     The  pH  value  of  water  is  commonly  determined  by  two  basic  methods, 
simplest  and  most  accurate  method,   is  by  means  of  an  electronic  *'pH  meter."    This  d< 
measures  pH  by  determining,  with  a  potentiometer,   the  voltage  developed  by  two  electrodes 
which  are  in  contact  with  the  water.     The  voltage  of  one  electrode  known  as  a  calomel 
half-cell  is  fixed,  while  the  voltage  of  the  other  electrode  varies  with  the  pH  of  the 
sample 

The  color  comparator  method  may  also  be  used  to  measure  the  pH  value  of  water,  but 
with  less  accurate  results.     With  this  method  a  suitable  indicator  (reagent)  ic  added  to 
the  water  sample,  and  the  resulting  color  is  compared  with  fixed  color  standards  for  that 
particular  indicator.     In  most  water  test  kits,  the  color  standards  are  available  in 
sealed  glass  glass  ampovles,  color  disks,  color  strips,  etc     A  disadvantage  of  the  color 
comparator  method  is  that  colors  resulting  from  tests  usually  do  not  exactly  match  the 
color  comparator,  but  instead  have  a  shade  between  two  adjacent  color  standaras.     It  is 
necessary  then  to  estimate  the  results. 
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QUESTIONS 


1. 


List  the  two  basic  methods  of  determining  the  pH  of  a  sample  of  water. 


a. 


b. 


Which  of  the  two  mc^thods   is  mo.st  accurate? 


3. 


Explain  why  the  other  method  is  not  as  accurate. 


CilBMICAL  TREATMENT  OF  WATER.     If  the  water  supply  is  extremely  hard,   it  may  be 
necessary  to  soften  the  make-up  water  with  a  zeolite-t^'pe  softner-     Zeolite  softeners 
exchange  the  non-scale  forming  element,  sodium,  for  the  scale  forming  elements  calcium 
-ind  raagnesiun.     Hardness  ii^  makeup  water  may  be  softened  to  near  zero  with  this  type  of 
unit.     Zeolite  softening  does  not  decrease  the  alkalinity  of  the  make-up  water,  however, 
and  so  a  bleed-off  is  still  required.     When  the  softener  becomes  loaded  with  calcium  and 
magnesium,   it  is  regenerated  by  passing  sodium  chloride  (table  salt)  through  the  zeolite 
compound,  then  flushing  the  zeolite  section  with  fresh  water.     Occasionally  some  zeolite 
must  be  added  to  replace  that  lost  in  flushing-     This  method  of  treatment  is  rarely  used 
on  condenser  water  systems  because  the  large  quantity  of  water  going  through  It  results 
in  frequent  regenerating  which  gets  expensive. 

1.       Explain  Jiow  zeolite  softeners  treat  water  for  scole- 


!Iow  is  the  zeolite  softener  regenerated? 
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3.      Explain  why  this  method  of  water  treatment  is  not  often  used. 


POLYPHOSPHATES.     Some  materials  inhibit  crystal  growth  and  therby  prevent  scale 
formation.    These  surface  active  agents  increase  the  solubility  of  the  scale  forming 
salts  and  permit  an  oversaturated  condition  to  exist  without  precipitation  from  solution. 
Some  of  these  materials  are  polyphosphates,   tannins,   lignins,  and  starches.  Polyphos- 
phates in  conccntratons  of  2  to  5  parts  per  million  (ppm)  are  coramonly  used  to  prevent  or 
reduce  scale  formation.     At  lOO'F,  scale  starts  to  form  in  untreated  water  when  the 
hardiness  is  200  ppm.     With  the  treated  water,  however,  scale  does  not  form  until  the 
hardness  reaches  800  ppir. 


How  does  adding  polyphosphates  to  the  condenser  water  system  keep  .scale  from  forming 
in  the  condenser? 


SULFURIC  ACID.     Scale  formation  may  also  be  controlled  by  reducing  the  pH  value  o- 
the  water.     This  i  ..y  be  done  by  adding  acid  and  corrosion  inhibitors  to  the  water.  A 
greater  concentration  of  total  dissolved  solids  is  possible  when  aciu  is  added  to  the 
system.     Sulfuric  acid  reacts  with  bicarbonates  and  converts  them  to  the  much  more 
soluble  sulfates.     Thus,  acid  reduces  the  alkalinity,   lowers  the  pH  value  and  permits  a 
greater  concentration  of  dissolved  solids  without  scale  formation.     Corrosion  inhibitors 
prevent  acid  from  attackiug  the  metal  surfaces.     Acids  should  be  fed  into  recirculating 
water  systems  by  automatically  controlled  systems  to  prevent  excessive  acid  additons. 

!•      How  does  adding  sulfuric  acid  to  the  condenser  water  system  keep  scale  from  forming 

in  the  condenser? 


2.      What  method  should  be  used  to  add  acid  to  the  condensing  water? 


QUESTION 
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CHEMICAL  TREATMENT  OF  WATER  FOR  CORROSION.     Polyphosphates  are  widely  used  iT 
condenser  water  systems  for  corrosion  control.     They  restrain  the  corrosion  reaction, 
which  is  the  dissolution  of  the  metal,  by  forming  a  protective  film  on  the  met:,!.  For 
this  type  of  corrosion  treatment  to  be  effective,  enough  polyphosphate  inhibitor  to 
protect  the  entire  area  must  be  added. 


How  does  phosphate  treatment  prevent  corrosion? 


CiiEMICAL  TREATMEIiT  FOR  ALGAE.     Chemical  treatment,   rather  than  removal  by  mechanical 
leaning,  is  a  more  satisfactory  melhod  of  combat jl^if  algae  because  of  their  inaccessibil- 
ity in  the  system.     If,  however,  algne  is  allowed  vC  Torm  an  appreciable  deposit,  it 
should  be  removed  where  practical  by  mechanical  me.>..,  and  flushed  from  the  system  before 
chemical  treatment  is  applied. 

Frequently,  micro-organisms  build  up  an  immunity  to  a  particular  algaecide.  This 
characteristic  makes  it  necessary  to  change  to  other  compounds  periodically.  Experience 
has  shown  that  the  treatment  of  algaecide:^  in  shock  doses  is  more  effective  and  economi- 
cal than  continuous  treatment.     Also,  B,ltei*nut\n;:  between  different  types  of  chemicals 
adds  to  the  effectiveness  of  the  treatment.     On"  way  to  control  the  growth  oi  algae  is 
manual  applications  of  calcium  hypochlorite  to  the  cooling  tower  deck.     Caiciuiu  hypo- 
chlorite is  about  70%  chlorine.     It  should  be  added  at  the  rate  of  about  202/1000  gallons 
of  cooling  system  capacity  one  to  throe  times  weekly-     Calcium  hypochlorite  is  commonly 
available  in  crystalline  form.     Copper  sulfate  Is  aar^tbor  effective  algaecide.     Il  is 
effecitve  because  as  little  as  0.5  ppm  kills  most  com?non  forms  of  algae.     Copper  suliate, 
however  is  corrosive  to  steel. 


I.      W       Is  chemical  algae  treatment  more  effective  than  mechanical  cleaning? 


2.      How  does  alternating  between  different  types  of  algaecides  add  to  the  effectiveness 
of  the  treatment? 


3.      List  two  types  of  algaecides. 


QUESTION 


QUESTION 


b. 
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You  hav3  completed  the  di^er'  ed  study  to  be  conjpleted  prior  to  Day  40.     Read  the 
following  paragraphs  and  be  pr  ,  .red  to  discuss  the  information  tomorrow  in  class. 


Cooling  Tower  Water  Conditioning  Equipment 


DRIP  PEEDEP..     The  drip  feeder  can  be  either 
roatic  feeders  are  calibrated  at  the  factory  to  i 
solution  In  placed  iri  a  container  located  above 
the  tower  water  through  a  small  line  from  the  so 
controlled  by  a  needle  valve  in  the  feeder  line 
valve  actuated  by  the  recirculating  pump  in  the 
close  as  the  pump  starts  and  stops*    A  constant 
pressure  to  an  adjustable  neetila  valve,  which  is 
The  adjustment  of  a  drip  feeder  will  be  the  need 
chemical  manufactures  specifications. 


gravity  or  automatic  feed.     The  auto- 
nsure  accurate  feeding.     The  chemical 
the  tower  sump.     The  solution  drips  into 
lutlan  container*     The  rate  of  flow  is 

The  automatic  feed  typo  use  a  solenoid 
systerij  so  tha*"  the  valve  will  open  and 
level  reservoir  provides  a  steady  head 

set  to  drip  at  a  predetermined  rate, 
le  valve  which  is  adjusted  ot  ^he 


POT  FEEDER.  The  pot  type  feedjr  is  a  small  cylinde 
clear  plastic,  which  can  be  ffioanted  on  a  wall  or  a  stand 
tower  sump.  Operating  pressure  is  supplied  by  the  water 
is  received.  All  connections  are  through  acid-resistant 
plastic  water  operated  injector  for  feeding  acid  more 
sump.  Makeup  water  is  passed  through  the  injector  at  a 
tyater  requirements.  The  feeding  of  acid  into  the  system 
dial  on  a  valve  in  the  injector.  The  acid  is  diluted  wi 
of  the  injector  before  it  reaches  the  circulating  water, 
inject  diluted  acid  through  the  intake  side  of  a  circtzXa 
used  to  inject  diluted  acid  through  the  intake  side  of  :?. 
pressure  is  low  enough,  into  a  closed  system. 

The  pot  type  feeder  may  be  used  to 
add  liquid  or  briquette  chemicals  (figure 
49).     To  fill  the  tank  with  chemicals, 
close  -he  inlet  and  outlet  valves.  Then 
open  the  bleed,  fill  and  drain  valves. 
When  all  the  watev  has  d^-ained  from  the 
tank,  close  the  drain  valve  and  fill  the 
tank  with  the  desired  chemicals.  To 
place  feeder  into  operation,  close  the 
fill  ajd  bleed  valves.     Now  open  t/ie 
inlet,  outlet  and  metering  valves. 
Adjust  the  metering  valve  to  the  desired 
chemical  flow  while  observing  the  slight 
indicator.     Pressure  from  the  circulPting 
pump  forces  water  up  through  the  pump 
where  a  small  portion  of  it  goes  back 
through  the  chemical  feeder.     The  larger 
amount  goes  to  the  air  conditioning 
system. 


r  type  unit,  usually  made  of 
next  to  a  receiving  tank  or 
system  from  which  iTiakeup  water 
plastic  tubing.     This  unit  has  a 
sily  and  accurately  into  an  open 
rates  not  greater  than  the  makeup 

is  controlled  by  a  graduated 
th  water  within  the  plastic  body 

This  injector  my  be  used  to 
ting  water.     Thi-:  ^njoctor  may  be 
circulating  pajip,   if  the 


ILI  VALVl 
INUei  VALVl 


Figure  47.     Pot  Type 
Chemical  Feeder 

The  main  adjustment  on  the  pot  focder  Is  the  motcrlni;  vjilvo  which  sfiould  bc^  adJusLtfrl 
to  the  chemical  manufactures  specifications. 
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Maintenance  of  Evaporative  Mechanical  Equipment 


All  evaporative  mechanical  equipment  operates  on  the  same  principle.     Evaporation  of 
moisture  removes  sensible  heat — either  from  other  water,  or  from  air  passing  through  it. 
Maintenance  of  this  type  of  equipment  (cooling  towers,  evaporative  condensers, 
evaporative  coolers;,  i?tc.)»  is  aimed  for  a  large  part  toward  the  proble:is  caused  by  the 
water  that  the  system  is  using.     Treating  the  water  systems  were  discussed  in  the 
previous  section  so  this  section  will  be  directed  toward  other  maintenance. 


o  Remove  rust  and  apply  protective  paint. 

o  Lubricate  motors  and  bearings. 

o  Check  drive  belts  fur  proper  tension  and  wear. 

o  Check  filter  pads  (evaporative  coolers)  for  cleanliness  and  deterioration, 

o  Check  spray  nozzles  for  obstructions, 

o  Remove  scale  and  algae  deposits. 


1 


4 
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CIVIL  ENGINEERING  MAINTENANCE  MANAGEMENT 
Part  I 


Using  material  provided,   identify  basic  facts  and  terras  relating  to  Civil 
Engi;iorring  Maintenance  Management  functions  with  B0%  accuracy. 

PROCEDURE 

Match  the  Civil  ^r.grineering  Maintenance  Management  function  in  the  left  column  to 
the  definition  in  the  right  column.     Each  function  may  be  used  more  than  on^,  .     ,-Qot  all 
definitions  will  necessarily  be  used. 


1. 


AF  Form  332 


a.     Work  Request 


2.    Work  needing  detailed  planning 


b.     i><,^rvico  Call 


c     Work  Order 


^d-     Job  Order 


Material  Control 


Requa&t  for  roiror  construction 
work 


G.     Management  and  UtilizatlGn  of 
Ma wiw-rial  Resources 


Request,  for  work  that  does 
not  require  detailed  planning 


U^^ed  to  authorize  work  that 
peeds  detailed  planning 


AF  Form  732 


8. 


Work  done,  authorized  by  AF 
Form  1879 


AF  Form  327 


10. 


Request  for  Real  Property 
Maintenance 
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Part  1 

OBJECTIVE:    Give:-  u  t^evies  of  incojrplete  statements,  explain  basic  facts  c;;ucern1ng  the 
typeff  ^^"^d  ^/urpose  of  air  oocditioiiing  equipment «  and  state  the  principles  of 
air  ce?.i'H3;i<;,?iing  fundamentals  with  80%  accuracy. 

PROCEDURE:    Complete  the  following  incomplete  statements  by  filing  in  th'   blanks  with  a 
word       words  chosen  from  the  list  below* 

3.      Air  conditioning  i^v.  defined  as  that  process  used  for  the  control  of   ^  , 


,  and      of  air. 


2.  A  is  an  example  of  a  self-contained  or  ui  it  cooler. 

3.  A   ^     _   is  ar  example  of  a  remote  unit. 

4.  Equipment  cooling  is  mair taming  and  

within  a  close  tolerance* 

5.  Humidity  control  equipment  will  either    or   

the  air. 

I 

G.      Humidity  control  systems  can  be  cither    or   

7.  Air  filtrsition  equipment  is  used  to  control  the   of  the  air. 

8.  Filters  are  classified  as   or   


9.      Fans  arc  '«sed  for  and 


10.    The  two  main  categories  of  fans  are   .  and 


ANSWERS 


Central  System 
Permanent 
temper  a  t^J  re 
Humidify 
Vc^.tilation 


Window  Unit 

Radial 

Humidity 

Circulation 

Electric 


Purity 
Humidity 
Dehumidify 
Axial 

Filtration 


Pneumatic 
Throwaway 
Circulation 
Temperature 
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Part  2 


OBJECTIVE:  Usiag  material  provided,  list  the  procedures  for  installing  air  conditionin 
equipment,  and  identify  the  process  for  assuring  the  security  of  mounting  o 
refrigeration,  water,  electric  lines,  and  sytem  components,  with  70% 

n  n.n.u  ran. v  . 


accuracy. 

Exercise  a. 


PROCEDURE:     State  installation  procedures  by  answering  the  following  questions.     You  may 
use  your  study  guide  or  notes. 

1.      The  evaporator  should  be  installed  so  that  it  is  _  and 


2.      How  is  permanent  alignment  insured  when  installing  a  fan  and  motor? 


3.      Where  should  large  fans  be  installed? 


4.      Where  should  the  filter  bank  be  installed? 


EKLC 
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Exorcise  b. 

iCEDURE:    Match  the  method  of  security  of  mounting  in  the  right  column  below  with  the 
correct  item  from  the  left  column.    Some  methods  may  have  more  than  one 
answer. 


a.  Conduit 


1. 


Support  at  regular  intervals 

to  prcv^i^,'it  sagging  and 


b.     Soft  drawn  copper  lines 


2. 


Will  cause  copper  tubing 
crystallize  and  crack- 


c.    Electrical  lines 


d.     System  .  .^lents 


e.    Hard  dr^v^:     jpper  lines 


Should  be  supported  similar 
to  tubing. 


Inserted  betreen  tubing  and 
clanq)  to  protect  tubing. 


f.    Water  lines 


Should  not  be  supported  by 
tubing. 


g.  Vibration 


h.  Insulation 


ttefrigeration  lines 
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Used  to  protect  tubing  run 
through  a  wall  or  floor. 


ERIC 


2-3 


Part  3 


OBJECTIVE:  Ok 


In'  --/oiflo^'"'''"'®^®'"^  Uetermine  the.  wet  and  dry  bulb  tompem  :ures  of  the  als^ 
ieirttvfSrt.'  %°n.."ff\"'  those  temperatures,  plot  dew^:ir,t  t^^pe^aJuret  W 
Jhir^JItJ^TjrtrJlctSra^^i^tiSce'''''  ''''  ^  Psvcbro..tric '  ^ 

procedure:     Recor.  ^^e.e  psyebro.eter  .ea.in.s  t«.en        a  classroo. 


DRY  BULB 
TEMPERATURE 

'^r:T  BULB 

'i  EMPERATURE 

1               WET  HULB 
DEPRESSION 

J3ABR54530  Im  ^rv^^^^nTlt''  ^^f'^^"^^  previously  taken,  and  a  psychrometri c  chart  (FO 
anf  he^fconJeiit  of^he  air        th^  '  '^r^"^"^  temperature,   specific  hw.;d7ty. 

below!  °*  ''^'^  classroom,  and  record  those  values  on  the  chart 


DB 

1 

1  RH 

DP 

Gr/lh  1 

1 

HC  ! 

1 

J 

!  1 

1 

Exercise  b, 


f-HOCEDURE 


item  Jr^f  fJ'"'i!fr^oi°^  security  of  .o.inting  in  the  ri^^ht  column  h.M .  with  the  .-orr. 
item  frDm  th,    left  column.     Some  methods  may  have  more  than  one  answer. 


a. 

Conduit 

1 . 

b. 

Soft  drawn  copper  11  :,es 

c. 

Electrical  lines 

d. 

System  components 

3. 

e. 

Hard  drawn  copper  lines 

f. 

Water  lines 

4. 

g* 

Vibration 

5. 

h. 

Insulation 

i . 

Ref rigeratioii  lines 

6. 

Support  at  rt'gular  intrrvais 
to  prevent  sapRing  and 
vibration 

WiJ  ]   cause  copppr  tubing-:  to 
crystallize  and  crack 

Should  be  supported  sinilar  to 
tubi  ng 

Inserted   hotwr>f-n   tiit)ir)^:  .4  nd 
c]amp  to  protpot  tiihinj": 

Should  not         support  cci  ^v 
tuhl  ng . 

Used   to  protect   tubing  run 
through  a  wall  or  flrjor 
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Part  4 

OBJECTIVE:     Using  material  provided,  state  simple  facts  relating  to  installation  of 
insulating  materials  with  805  accuracy. 

PROCEDURE:    Complete  the  following  sentences  with  facts  chosen  from  the  list  below 
relating  to  installation  of  insulating  materials. 

i<      Materials  having  extremely  low  heat-conduction  capacity  are  called     

materials. 


2.  means  that  the  ''R"  Factor  should  be  high  enough  to  avoid 

resorting  to  great  thickenss  of  material  to  increase  thermal  resistance* 

3*      The  ability  to  resist  absorption  either  as  free  water,  or  water  vapor  defines 


4*  Moisture 


  conductivity  of  heat< 


No  insulation  shou^.'^  be  used  that  is  not 


During  installation'  of  insulation,  failure  to  fill  and  seal  air  pockets  and  cracks 
will  cause  large  <)<eat  losses  due  to  and 


7.      In  applying  insulating  material,  care  should  be  taken  that 
does  not  circulhxe  through  the  insulation* 


8.  The  type  of  easy  flowing  insulation  that  can  be  blown  into  the  space  between  the 

studs  of  a  building  alre^iuy  constructed  is  called  

i-ype. 

9.  type  flexible  insulation  is  easy  to  install* 


10.    The  two  main  purposes  of  insulation  are  to 


and 


ANSWERS 

Support 

Conduction 

Batt 

Retard  heat 
InHiilation 


Deteriorate 
Vermine  proof 
Reduce  noise 
Air 

Instal lation 


Convection 
Bulk 

Low-beat  conducting  properties 

Increases 

Application 

Moisture  resistant 


47  S 

2-5 


Part  5 

OBJECTIVE:     Given  the  information,   identify  types  and  state  tho  purpose  of  air  f M Lrrs 
fipith  no  njore  than  two  errors. 

PROCEDURE:     Match  the  filter  type  in  the  left  column  to  its  purpose  in  the  rieht 
column.  ^ 


a.     Adhesive  filters 


b.     Throraway  filters 


Electronic 


d.     Activated  e  %rcoal 


ravi  let  light 


2. 
3. 
4. 


_        used  to  rontrcl  odor   In  the 
air. 

 will  bacteria  in  the  air. 

  must  be  changed  daily. 


coated  with  adhesive  liquid  or 
oil . 


  puts  a  positive  static  elec- 

trical  charge  on  all  particles 
passing  through  it. 

frame  is  usually  made  of 
cardboard  with  wire  reinforce- 
ment . 


OBJECTIVE 


Part  6 


Given  the  iuformation,  state  the  procedure  for  cleaning  and  replacing  air  filters 
with  80%  accuracy. 

PROCEDURE 

Answer  the  following  questions  concerning  tho  procedure  for  clcaninR  and  replacine 
air  filters. 

1.      When  are  filters  considered  to  be  dirty     ,ough  to  be  cleaned  or  replaced? 


2.      What  is  one  way  to  determine  if  a  filter  needs  to  be  cleaned  or  ro[ laced? 


3.      How  can  you  assure  the  fi]':ers  are  not  installed  backward? 


4.       What  checks  should  i-    .a^^,     ,r  a  replacing  filters? 


5.      */hat  i«  the  first  step  involved  with  cleaning  electronic  filters? 


EKLC 
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FUNDAMENTALS 
Part  7 
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PROCEDURE:     Match  the  type  of  fan  in  the  right  column  to  its  applicat ion(s)  in  the  left 
column • 


a.  Circulating  1.    propeller 

b.  Booster  2.  twbe  axial 


c.     Exhaust  3. 


vane  axial 


^-    Rooni  4.    centriiugal 

e.    High  Velocity 

Part  8 

OBJECTIVE:     Given  the  information,  determine  the  procedure  for  installing  and  servicing 
fans,  and  list  the  methods  for  aligning  drive  belts  and  pulleys,  with  805 
accuracy. 

PROCEDURE:     Answer  the  following  questions  to  determine  tho  procedure  for  instal  ling  and 
servicing  fans. 

1.      Why  must  the  fan  and  motor  pulleys  be  installed  in  close  alignment? 


2.      Which  type  of  fan  should  be  installed  in  air  conditioning  systems  whore  thorn  is 
ductwork  or  other  sources  of  static  resistance  such  as=  filters? 


3.      How  close  together  should  a  belt  driven  fan  and  motor  be  installed? 


List  the  methods  for  aligning  drive  belts  and  pulleys. 
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Part  9 


OBJECTIVE:    Given  the  information,  compare  the  relationship  between  the  types  of 

air-flow  instruments,  state  their  purpose,  and  explain  their  principles  of 
operation  with  70%  accuracy. 

PROCEDURE:    Complete  the  following  statements  by  filling  in  blanks,  answering  questions, 
choosing  True  or  False  statement &• 

1.  Air-flow  measuring  instruments  measure  the  of  the  air. 

2.  Air-flow  measurements  are  usually  taken  at  the  following  locations  , 

>  or  • 


EKLC 


3.      Which  air-flow  measuring  instrument  has  a  propeller  which  moves  at  the  rate  of  tin^ 
air  speed?   


4.      Which  air-flow  measuring  instrument  uses  a  pi tot  tube? 


5.      Briefly,  compare  the  relationship  between  the  three  types  of  air-flow  measuring 
instruments* 


Circle  the  correct  answer 

6.  T  F  The  Anemometer  reads  directly  in  F.P.M. 

7.  T  F  The  pitot  tube,  when  inserted  into  an  air  duct,  senses  static  pressure  and 
"  "  velocity  pressure. 

8.  T  F  The  velometer  reads  directly  in  F.P.M. 

9.  T  F  The  dials  on  the  Anemometer  are  controlled  by  levers. 

10.  T  F  The  manometer  measures  the  velocity  pressure  of  the  air  in  inches  of  water. 
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Part  10 


OBJECTIVE:    Given  the  information,  explain  the  procedure  for  using  instruments  to 


determine  the  amount  of  air  flow  in  an  air  conditioning  system  with  not  more 
than  two  errors. 

PROCEDURE:    Explain  the  procedure  for  using  air  flow  measuring  instruments  by  filling  in 
the  blanks,  and  answering  the  questions  below. 

1.  When  using  the  Anemometer,  readings  are  usually  taken  at    . 

2.  Briefly  explain  the  procedure  for  using  the  Anemometer  to  measure  air  flow. 


3.      Explain  how  to  read  the  dials  on  the  Anemometer  after  the  air  flow  measurcmont  is 
taken 


4.      How  is  the  Anemometer  Reading  converted  to  F.P.M.? 


5.      Explain  how  to  convert  F.P.M.   to  C.F.M. 


6.      Explain  the  procedure  for  using  a  velometer  to  determine  the  amount  of  C.F.M.  of 
air  flow. 


i 


ERIC 


The  pressure  indicated  on  the  manometer  is  known  as 


8*      How  is  the  manometer  indication  converted  to  C.F.M.? 


9.      Using  the  information  provided,  fill  in  the  missing  values  in  the  tables  below. 


VELOHETER  AVERAGE 
READING 

DUCT  SIZE 

DUCT  AREA 

FPU 

CFM 

a 

500 

12"  X  12" 

b 

750 

12"  X  18" 

ANEMOMETER 
READING 

DUCT  SIZE 

DUCT  AREA 

ELAPSED 
TIME 

FPM 

CFM 

a 

1350 

42"  X  12" 

b 

880 

24"  X  12" 

1 

VELOCITY  PRESSURE 

DUCT  SIZE 

DUCT  AREA 

FPM 

CFM 

a 

.25 

12"  X  24" 

b 

.36 

24"  X  36" 

Part  11 

OBJECTIVE:    Given  the  information,  state  basic  facts  concerning  balancing  the  air 
distribution  in  an  air  conditioning  system,  with  80%  accuracy. 

PROCEDURE:     Answer  the  folowing  f^uestions  by  filling  in  the  blanks,  picking  True  or 
False,  and  using  the  procedure  for  determining  air  flow. 

1.      Explain  the  purpose  for  balancing  an  air  distribution  system.   
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What  does  the  amount  of  volume  of  air  to  be  delivered  to  a  room  depend  on? 


When  determining  the  volume  of  air  to  be  delivered  to  a  room,  the  temperature 
difference  between  supply  and  room  air  must  be  known.     True      False      (Circle  One) 

Explain  the  process  involved  in  l-^alancing  an  air  distribution  system. 


Use  the  following  building  plan,  and  specific  conditions  to  determine  the  volume  of 
air  needed  to  condition  the  rooms* 

FORMULA:     CFM  =  f  ps  x^to  ^^'"^ 

NOTE:     This  formula  will  determine  tLe  CFM  needed  to  handle  the  HOURLY  HEAT  LOAD  oi 
each  room.  "  " 

DETERMINE  THE  CFM  REQUIREMENT  FOR  EACH  ROOM. 

ROOM  A.   

ROOM  B.   

ROOM  C. 


ROOM  DESIGN  TEMPERATURE  —  75"  F  (DB) 
DESIGN  SUPPLY  AIR  TEMPERATURE  —  52*  F  (DB) 
DUCT  SIZES  —  ALL  8  inches  in  diameter. 
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ROOM  B 
4.S00  6TUN 


ROOM  C 
9  600  BTUH 


HCCO  BTIIH 


ROOM  A 


14.500  BTUh 


^  Building  Diagram 

Part  12 

OBJECTIVE;     Given  the  information,  explain  the  procedures  for  maintaining  fresh  air 

supply  systems,  state  the  method's  for  checking  for  excessive  leakage  ia  air 
ducts,  and  inspecting  ducts  with  70%  accuracy. 

PROCEDURi::     Explain  procedures  by  filling  in  the  blanks  with  the  correct  information- 
Explain  the  needs  for  supplying  fresh  (outside)  air  to  an  air  conditioning  system- 


1- 
2- 
3- 


4-      What  is  the  biggest  problem  with  fresh  air  systems? 


List  the  conditions  for  which  you  would  periodically  inspect  air  ducts- 

5-  :  

io  :_  .1  

7-  
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8.  How  often  should  air  ducts  be  cleaned?   

State  what  you  can  do  to  renew  defective  a.^r  ducts 

9.  

10.   
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i  WATER  PUMPS 

Part  1 

OBJECTIVE:    Given  the  information,  state  basic  facts  or  terms  relating  to  the  operating 
principles  of  centrifugal  water  pumps  with  no  more  than  three  errors. 

PROCEDURE:    Complete  the  following  incomplete  statements  by  filling  in  the  blanks  with  a 
word  or  words  chosen  from  the  list  below* 


Centrifugal  water  pumps  may  be  either 


or 


suction. 


In  the 
only- 


pumpi  the  water  enters  from  one  side  of  the  impeller 


Centrifugal  pumps  may  also  be  classified  as  single  or 


stage. 


4.      Most  centrifugal  pumps  used  in  refrigeration  work  are  of  the 
type. 


The  centrifugal  pump  utilizes  the 
revolving  impeller. 


of  a  rapidly 


6.      The  liquid  Is  pulled  in  at  the 


discharged  at  the  outer  rim  cf  the 

By  the  time  the  liquid  reaches  the 
it  has  acquired  a  considerable   


of  the  impeller  and  is 


of  the  impeller, 


8.      The  liquid  is  then  slowed  down  by  being  led  through  a 
(a  gradually  widening  channel  in  the  pump  casing}* 


ANSWERS 


Throwing  force 
Multiple 
Water 
Outer  rim 


Single  Center 
Operation  Alignment 
Volute  Velocity 

single-suction,  single  stage  impeller 


Double 

Single-suction 


Part  2 

OBJECTIVE:  Given  the  information,  explain  the  procedures  used  to  install  water  pumps^ 
align  flexible  couplings,  replace  pump  packing,  adjust  pump  packing,  check 
the  operation  of  water  pumps,  and  repair  water  pumps  with  60%  accuracy. 

PROCEDURE:     Refer  to  the  study  guide /workbook  to  answer  the  following  questions* 

1.      Why  must  a  water  pump  be  installed  on  a  concrete  foundation?   
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How  does  the  installer  know  where  to  position  the  pump  hold  down  bolts  in  tb©  wet 
foundation? 


What  is  the  purpose  of  the  wedges  th^t  are  placed  near  the  center  of  the  mot<.r  and 
pump?  ^  


Indicate  the  tool  used,  and  the  procedure  for  checking  the  angular  alignment  of  the 
motor  and  pump  shafts   


How  can  the  motor  and  pxunp  halves  be  brought  into  fi.lignm(^nt? 


What  condition  will  indicate  that  the  unit  is  in  angular  alignment? 


What  tool  is  used  to  remove  old  packing  from  the  pump  stuffing  box? 


Explain  the  proper  way  to  install  the  new  packing  ring  over  the  purap  shaft.     
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10.    Vfhen  the  stuffing  box  is  fully  packed,  how  is  the  packing  glazed? 


11.    After  the  new  packing  has  been  properly  adjusted ,  what  should  be  tho  rate  of  water 
leakage?  


12*    List  the  checks  to  be  made  for  proper  water  pump  operation. 

a*  

b.  

I  c   :  

d. 


13*    When  disassembling  a  water  pump  assembly,  list  the  steps  to  be  taken  before  the 
pump  can  be  removed  from  the  base  plate  for  bench  work*   


14.    When  reassembling  a  water  pump,  what  should  be  done  to  the  ball  bearings  Just  prior 
to  assembly?    


15.    What  is  the  proper  procedure  to  install  the  bearings  on  the  pump  shaft? 


3-3  4SU 
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Part  3 


OBJECTIVE:    Given  the  information,  state  basic  facts  or  terras  concerning  cross- 
connect  ion/backf  low  prevention  to  protect  potable  water  supplies,  with  no 
more  than  two  errors. 

PROCEDURE:    State  basic  facts  or  terms  concerning  cross-connection/backf low  prevention 
by  answering  the  following  questions.     You  may  use  study  guide  or  notes. 

1*      Define  backflow 


EKLC 


2.      Define  cross  connection 


3.      List  4  types  of  backflow  prevention  devices- 

a.  

b.  

c*   

d. 


4.      Which  type(s)  may  be  used  for  any  degree  of  hazard? 


5-      What  should  be  done  prior  to  installing  a  backflow  prevention  device? 
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AIR  CONDITIONING  MAINTENANCE 


WB  J3ABR54530  OOl-IV-4 


Part  1 

OBJECTIVE:     Working  as  a  member  of  a  team,  and  using  a  window  air  conditioner,  perform 
preoperational  checks  of  the  unit,  with  no  more  than  three  Instructor 
assists* 

PROCEDURE:     I.    Remove  jewelry. 

2.  Use  the  air  conditioning  unit  indicated  by  the  instructor. 

3.  Indicate  under  each  component(s)  below  the  type  of  preoperational  check 
you  made,  and  the  condition  you  found. 

4.  Have  your  work  checked  by  the  instructor  when  you  have  finished. 

a.    Condenser  and  evaporator 
1 .  Check 


Condition 


2 .  Check 


Condition 


b.     Pan  motor  and  fans 


1.  Check 


Condition 
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2.  Check 


Condition 


c.     Power  supply 


1 .  Check 


Condition 


Part  2 


OBJECTIVE: 


PROCEDURE : 


Working  as  a  member  of  a  team,  and  using  a  window  air  conditioner,  perform 

equipment  maintenance  by  charging  the  unit  using  the  ambient  dry  bulh 

temperature  method.     The  correct  condensing  pressure  must  be  reached  +  5 
PSI.  ^ 

1.  Remove  Jewelry. 

2.  Use  the  air  conditioning  unit  indicated  by  the  instructor. 

3.  Have  the  instructor  check  your  unit  after  it  has  been  charged  with 
refrigerant. 

4.  Wear  safety  goggles  when  installing  gauges, 
a.     Determine  operating  condensing  pressure. 

1.    List  the  steps  to  determine  operating  condensing  pressure. 


b.    Charge  the  unit  with  refrigerant  (wear  safety  goggles  when  working  with 
refrigerant) . 

1.    What  type  refrigerant  are  you  using?   
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What  part  of  th<   system  are  you  charging  into? 


r.     Continuo  to  charp.e  i  ntil  your  c»stimated  condensing  pressure  is  reached. 
1  .     *Vhat  is  your  c»vaporator  temporatu re? 


li ,     Is  your  evaporator  temperature  within  a  40-50°  range?  

d.     havi*  the  instructor  check  your  unit. 

Part  3 

^  (>B,1KCT1VK:     Working  as  a  member  of  a  team,  and  using  a  window  air  conditioner,  operate 
the  unit  and  determine  operating  conditions  with  no  more  than  three 
instructor  assists • 

•  PfOCRIMiRK:     1.     Hemove  Jewelry. 

2.  Use  the  air  conditioning  unit  indicated  by  the  instructor. 

3.  Indicate  by  each  operating  condition,  the  condition  you  found. 

4.  Have  your  work  checked  by  the  instructor  when  you  have  finished. 

5.  Remove  power  from  the  unit,  remove  gauges  from  the  unit  (wear  goggles), 
cap  access  valves,  return  all  equipment  to  its  proper  place. 

a.  Condenser 

Pressure    * 

Temperature   ^ 

b.  bvaporator  ' 
Pressure  


Temperature 


Return  air  temperature 
Supply  air  temperature 
Temperature  difference 
%  active  coil 

50%  

75%  

100% 


C?ompressor  amperage  draw 

Have  instructor  <!heck  your  work. 


Part  4 


OHJKCTIVF:     Using  the  trainer  provided,  and  working  as  a  member  of  a  team,  isolate 
instructor  induced  r^ystem  malfunctions  to  the  smallest  replaceable  or 
reparable  part. 
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PROCEDURE;     1.     Use  the  trainer  assigned  by  the  instructor. 

2.  Analyze  the  circuit  diagram,  system  controls,  and  indicating  motors  and 
gauges.  I 

3.  Notify  the  instructor  when  you  are  ready  to  troubleshoot  the  system. 

4.  After  the  instructor  has  entered  the  malfunction,  troubleshoot  l'ic 
system  using  the  meters  and  gauges  provided  until  you  have  isolated  the 
smallest  replaceable  or  repairable  part. 

5.  Have  the  instructor  check  your  work. 
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COOLING  TOWERS,  WATER  TREATMENT, 
AND  EVAPORATIVE  CONDENSERS 

Part  1 

Given  the  information,  identify  torms  and  facts  relating  to  the  principle  of 
operation,  purpose  of  bleed  off,  and  make-up  water,  and  methods  of  capacity 
control  of  cooling  towers  and  evaporative  condensers  with  no  more  than  four 
errors.     You  may  reference  your  notes  and  study  guide. 

PROCEDURE:     In  the  following  spaces  state  the  principle  of  operation  for  cooling  towers. 

1.   


OBJECTIVE: 


List  two  basic  types  of  cooling  towers. 
2 .    Types : 


FLU  in  the  blanks* 

Capacity  control  of  cooling  towers  is  accomplished  by: 

the  water  flow. 


the  air  flow,  and 


the  fan* 


Identify  terms  and  facts  relating  to  the  operation  of  evaporative 
condensers  by  matching  the  items  in  Column  1  with  their  operation  in 
Column  2.    Not  all  Items  in  Column  2  are  correct.    You  may  use  notes  or 
study  guide  for  reference* 


COLUMN  1 

Fan 

Condenser  tubes 
Evaporated  moisture 
t:>pray  nozzles 


COLUMN  2 

1.  Directs  water  to  the  spray  nozzles. 

2.  Draws  air  from  the  conditioned  space. 

3.  Replaces  and  used  as  wetted  deck* 


Draws  large  volumes  of  air  over  the 
wetted  deck* 


Ai  r 


5.    Absorbs  heat  directly  from  the  con- 
denser tubes. 


6.     Enters  at  the  bottom  of  the  condenser 
tubes. 
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7.     Distributes  water  over  the  condenser 
tubes. 


5-    List  three  methods  of  capacity  control  for  evaporaLtive  condensors. 


6.     Fill  in  blanks  to  complete  the  following  statement. 

The  purpose  of  make-up  water  is  to  replenish  the  loss  from 
  and 


OBJECTIVE: 


PROCEDURE : 


7.     Select  the  statement  which  most  correctly  defines  the  purpose  of  ''blood- 
off."    Place  a  check  mark  (        )  in  box. 

I  I  a*     Prevents  unacceptable  concentration  of  algao-corrosion . 

I  I  ^'     Prevents  unacceptable  concentration  of  suspended  and  dissolved 

solids* 

Part  2 

Given  the  information,  state  the  procedures  to  calculat'j  water  blood-o^f, 
with  no  more  than  one  error. 

(1)    Given  a  list  of  variables  in  Column  1  below,  select  thoso  noedf^d  to 
calculate  bleed  rate.     Indicate  by  check  mark  (  ). 


IZI 


ZII 


a.  550  MM  beaker  ' 

b.  Watch  reading  in  seconds, 
c  Funnel 

d.  Quart  bottle 

e.  Strainer 

f.  Key  or  wrench  to  open  valve. 

(2)  Fill  in  the  blanks  in  the  following  statement  and  solect  correct  ^all  )n 
per  hour. 


It  took  60  seconds  to  fill 
divided  into 


which  is 


hour.      Select  answer: 
I       I  a.  1.5 
I       I  b.  15. 
I       I  c.  15. 

I       I  b.    None  of  the  above. 


to  determine 
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(3)    How  many  gal /hr/ton  would  this        for  a  five-ton  system? 
Select  correct  answer  with  a  ch'Xk  mark  (  ). 


I~|  a.  1.5 

I       I  I).  2. ft 

I       I  c.  3.0 

I        I  d.  3.5 


Part  3 


OBJECT  I VK:     (Uven  the  information,  state  simple  facts  concerning  the  operation  of 

cooling  tower  and  evaporative  condenser  capacity  controls  with  80%  accuracy. 

PROChUUHE:     Refer  to  cooling  tower  capacity. 

CI)     Diagram.     Fig.  1    Page:  5-4,  Items  A,  B  and  C  are  cooling  tower 

capacity  controls  -  Match  descriptive  phrases  in  Column  1  with  controls 
in  Column  2.     These  items  may  be  used  more  than  once  if  applicable. 

1.  2. 

a.  Two  position  ABC 

b.  Proportional 


Senses  Tower  Sump  Temp. 


d.  Senses  Pressui'e 

e.  Series  ^)  Final  Device 

f.  Senses  condenser  Water  Temp.  Leaving 

g.  Low  voltage 

h.  Line  Voltage 
1.  Pneumatic 


j.     Compresser  Discharge  Pressure 


(2)     Fill  in  the  blanks  with  correct  terms  in  the  following  paragraph. 

The  evaporative  condenser  uses   and    as  cooling 

agents.    Capacity  control  is  affected  by  cycling  the  tower  fan  when  the 

increases  or  decreases.     A  thermostat 

cycles  off  the  '   when  the  water  sump 

temperature  drops  below  a  predetermined  setting. 
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DAMPER  - 
OPERATOR 


•DAMPERS 


TO  POWER  SOURCE 


TOWER  FAN  MOTOR 


TO  AIR  SUPPLY 


•4 


TO  POWER  SOURCE 


^   SUCTION  LINE  DISCHARGE  LINE 


BEST  COPY  AVAILABLE 


Figure  1.     Cooling  Towe^-^pacity  Control  Diagram 


Part  4 

JECTIVE:     Given  the  information,  describe  the  procedures  to  install  and  maintain 
cooling  towers  and  evaporative  condensers  wtih  80%  accuracy. 


PROCEDURE:     Describe  the  procedures  to  install  and  maintain  cooling  towers  and 

evaporative  condensers  by  answering  the  following  questions.  >ou  may 
reference  notes  or  your  study  guide. 

1.      When  are  natural  draft  cooling  towers  usually  placed  on  elevated  structures? 


2.      When  may  natural  draft  cooling  towers  be  installed  on  the  ground? 


3.      When  forced  draft  cooling  towers  are  installed  indoors,  why  are  they  usually 
placed  near  the  outside  wall  of  the  building?   


4,      What  size  air  ducts  are  installed  on  indoor  cooling  towers? 


5.      What  type  fittings  are  usually  used  when  installing  a  cooling  tower? 
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What  precaution  should  be  taken  when  installing  the  discharge  air  outlet  on  an 
evuporative  condenser?       


In  what  instance  would  an  evaporative  condenser  be  installed  outdoors  in  ii  freezing 
climate?  


How  is  a  proper  Evaporative  condensing  pressure  maintained  in  freezing  climates? 


Briefly  describe  four  procedures  to  maintain  cooling  towers  and  evaporative 
condensers. 
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Part  5 

^BbcJECTIVE:     Given  the  Information,  state  basic  facts  or  terms  relating  to  the 
application  of  evaporative  condensers  with  80%  accuracy. 

PROCEDURE:    State  basic  facts  or  terms  relating  to  the  application  of  evaporative 

condensers  by  filling  in  the  blanks  below  with  facts  or  terms  selected  from 
a  list  at  the  end  of  this  project* 

Evaporative  condensers  are  used  where  (1)    condensing  temperatures 

are  desired  than  are  obtainable  with  (2)  condensers,  and  the  available 


(3)   may  not  be  adequate  for  heavy  water  usage.     Units  are  available 

in  a  capacity  range  of  (4)  of  gross  heat  rejection.  The 

primary  use  of  evaporative  condensers  is  to  (5)  . 


Higher 

Water  Supply 

Cool  Condenser  Water 

10  tons  to  225  tons 


Air  Cooled 

2  1/2  tons  to  10  tons 
Voltage 

Condenser  Refrigerant 


Part  6 

OBJECTIVE:     Given  the  information,  state  the  method  to  recognize  scale,  corrosion,  and 
algae  with  no  more  than  two  errors. 


i 


PROCEDURE:    Give  a  brief  description  of  scale,  corrosion,  and  algae  in  the  spaces 
provided  for  each*      You  may  reference  your  notes  or  study  guide. 


(a)  Scale: 


(b)  Corrosion: 


(c)  Algae: 


Part  7 


OBJECTIVE:    Given  the  information,  identify  basic  facts  about  the  effects  of  scale, 
corrosion,  and  algae  on  an  air  conditioning  system  with  805  accuracy. 

PROCEDURE:     Match  the  water  problem  in  the  left  column  with  its  effects  on  an  air 

conditioning  system  in  the  right  column.  Some  items  may  be  used  more  than 
once,  some  items  will  not  be  used  at  all. 


4 


(a)  Restrictions 


(1)  Scale 


(b)     Decreased  Costs 


(2)  Corrosion 


(c)    Line  Replacement 


(d)     Equipment  Shutdown 


(3)  Algae 


(e)     Insulator  ot  H<?at 


(f)    High  Discharge  Pressure 


(g)     Increased  Condenser 
Efficiency 


(h)     Lower  Operating  Discharge 
Temperature 


Part  8 


OBJECTIVE:     Given  the  information,  state  the  procedure  for  chemically  treating  wntt^r  for 
scale,  corrosion,  and  algae  with  no  more  than  two  errors, 

PROCEDURE:     State  the  procedure  for  chemically  treating  water  by  placing  a  check  mark 
next  to  the  proper  method. 


Scale 


Corrosion 
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Sodium  Zeolite 
Copper  Sulfate 
Carbon  Oxide 
Polyphosphates 
Calcium  Hypochlorite 
Sulfuric  Acid 

Sodium  Zeolite 
Copper  Sulfate 
Carbon  Oxide 
Polyphosphates 
Calcium  Hypochlorite 
Sulfuric  Acid 
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Sodium  Zeolite 
Copper  Sulfate 
Carbon  Oxide 
Polyphosphates 
Calcium  Hypochlorite 
Sulfuric  Acid 

Part  9 

OBJECTIVE:    Given  the  information,  state  simple  facts  concerning  the  operation  and 

adjustment  of  cooling  tower  water  conditioning  equipment  with  80%  accuracy. 

PROCEDURE:  St&t^  simple  facts  concerning  the  operation  and  adjustment  of  cooling  tower 
water  conditioning  equipment  by  answering  the  following  questions.  You  may 
reference  notes  or  your  study  guide. 

1.      List  the  two  types  of  drip  feeders* 


lae 


b- 


2.      Where  is  the  drip  feeder  located  while  in  use? 

»  -   


3.      How  is  the  rate  of  flow  controlled  in  the  drip  feeder? 


4.      What  is  the  purpose  of  the  solenoid  valve  on  the  automatic  drip  feeder? 


5.      When  will  the  solenoid  valve  open  and  close? 
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6.      What  adjustment  is  on  the  drip  feeder? 


^.      What  type  chemicals  may  be  added  to  water  through  a  pot  feeder? 


.8.      Where  does  water  ^nter  the  pot  feeder? 


9.      What  determines  the  amount  of  chemicals  that  enters  the  water  system  through  tho 
pot  feeder?  


 i 

10,    What  is  the  adjustment  on  the  pot  feeder?  


Part  10 

OBJECTIVE;    J^ist  simple  facts  relatii:g  to  the  maintenance  of  evaporative  mechanical 
equipment  with  70%  accuracy. 

PROCEDURE:     Answer  the  following  questions.     You  may  reference  your  notes  or  study 
guide. 

1.      Explain  the  principle  that  evaporative  mechanical  equipment  operates  on.  
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AIR  COMPRESSING  EQUIPMENT 


OBJECTIVE 

To  acquaint  you  with  the  types,  purpose  and  operating  principle  of  air  compressing 
equipment  used  to  support  air  conditiening  equipment. 

INTRODUCTION 

The  following  assignments  will  be  completed  as  indicated  for  days  41  thru  45.  You 
will  be  given  a  quiz  at  the  beginning  of  each  day  which  will  measure  information  from 
the  designated  section  of  this  Study  Guide/Workbook. 

Homework  in  preparation  of  Day  41: 

Read  the  following  paragraphs  on  the  air  compressor.     Answer  questions  on  material 
covered . 

INFORMATION 

The  air  compressor  supplies  air  pressure  for  the  total  pneumatic  control  loop. 
Most  air  compressors  used  with  pneumatic  control  loops  are  of  the  reciprocating  type. 
In  some  applications  a  screw  type  compressor  is  used. 

The  construction  differs  by  application  and  size.     Most  compressors  are  air  cooled, 
larger  sized  compressors  as  used  In  cryogenics  are  water  cooled.     Air  compressors  may 
have  one  cylinder  or  many  cylinders,  depending  on  where  they  are  used. 

Operation 

The  air  compressor  has  a  suction  intake  filter  to  clean  the  air  that  goes  into  the 
compressor.     The  compressor  pushes  the  air  in  the  storage  tank  until  the  high  pressure 
motor  control  stops  the  electric  motor  that  is  turning  the  compressor.    When  the 
pressure  goes  down,  the  control  turns  the  motor  on  again.     The  air  leaves  the  compressor 
and  goes  through  a  filter  and  on  to  the  pressure-reducing  valve  which  reduces  the  high 
pressure  to  15-20  psig  as  required.     (See  figure  1). 


IRISSUNL 


OR  AW  VALVt 


Air  Compressing  System 
^  Figure  1 
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Operator  Service  and  Maintenance 
Suction  Intake  Filter 

a.     Cleaned  each  30  days  replaced  twice  a  year. 

MOTL::     a  greater  frequency  of  cleaning  and  replacement  may  be  required 
depending  on  location  and  amount  of  dust  and  dirt  in  the  air.  I 

Belt  Adjustment 

a.  Tension  and  condition  checked  each  30  days. 

b.  Should  deflect  approximately  1/4"  with  normal  hand  pressure. 
Oil  Level 

a.  Check  each  30  days  changed  each  500  operating  hours. 

b.  Use  a  paraffin  base  oil  specially  designed  for  compressors. 
Oil  Filters 

a.     Replaced  each  90  days. 
Draining  of  Air  Tank  and  Air  Line  Filter 

a .     Da  i  1  y . 
Reducing  Valve  Output  Pressure 

a.     Check  Pressure  Daily. 
Safety  Devices  and  Controls 

a.     Checked  each  month. 

The  frequency  of  service  and  maintenance  given,  is  only  to  be  used  as  a  general 
guide.     Follow  recommendations  stated  by  the  manufacturer  of  the  compressor  assembly.  ^ 

Part  of  your  work  in  the  refrigeration  field  will  be  installation  and  replacement 
of  defective  parts  on  the  air  compressor. 

Steps  for  Installation 

!•     Select  a  compressor  of  proper  size  and  construction. 

2.     Select  a  location  free  from  excessive  dust  and  moisture  with  ample  light  and 
space  for  servicing. 

3«     Mount  the  compressor  level  with  a  substantial  base,   12-18  inches  from  wall. 
4.     Check  compressor  for  security  of  mounting,  and  valves  for  proper  operation. 
Steps  for  Replacement  of  Defective  Parts 

1.  Remove  all  jewelry. 

2.  Disconnect  power  to  unit. 

3.  Replace  defective  part(s)  with  replacement  part(s). 

Also  checking  equipment  operation,  and  operator  service  and  maintenance  will  be 
part  of  your  job. 
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Checking  Kquipment  Operation 

^        1.     Observe  compressor  for  correct  direction  of  rotation. 

2.  Check  for  abnormal  noises. 

3.  Check  for  leaks  and  overheating. 
Operator  i^ervice  and  Maintenance 

1.  Tanks  drained  daily. 

2.  Air  filter  cleaned  each  30  days. 

'A.     Oil   rhnnppd  oach  ftOO  oporatinp;  hours. 

QUESTIONS 

1.     Name  two  cooling  agents  used  to  cool  air  compressors. 


2.     What  is  the  purpose  of  an  air  compressor  system  when  used  in  a  pneumatic  control 
loop?  


3.     Briefly  explain  the  principle  of  operation  of  an  air  corhpressor  assembly. 

»   —  


4*     List  the  four  steps  in  order  of  installation  of  an  air  compressor. 

a  • 
b. 
c  • 
d  • 

5.     What  is  the  first  step  to  follow  when  replacing  defective  parts  on  the  air 
compressor  assembly? 


6.     IJst   th<^  thrcMj  steps  in  order  for  checking  equipme^nt  op(?rationV 


7.     Name  three  operator  service  and  maintenance  procedures  that  should  take  place  on 
the  air  compressor  assembly. 


SW  J3ABR54530  OOl-V-2 


PNEUMATIC  CONTROLS 


OBJECTIVE 


To  learn  the  purpose,  principle  of  operation  and  adjustraei.t  of  pneumatic  controls- 
INTRODUCTION 

One  of  the  greatest  problems  In  air  conditioning  Is  the  control  of  the  cooling  and 
heating  effects-     Automatic  controls  are  used  to  solve  this  problem  by  sensing  and 
controlling  the  amoont  of  heating  or  cooling. 

An  automatic  control  system  must  have  some  type  of  energy  for  operation-  Pneumatic 
controls  use  compressed  air  for  operation,  and  electric  and  electronic  controls  use 
electricity  for  operation-     This  study  guide  pertains  only  to  pneumatic  controls. 

It  has  been  found  that  the  basic  control  concepts,  taken  for  granted  by  personnel 
working  in  the  control  industry,  are  not  generally  known  or  understood  by  the  layman- 

This  Study  Guide/Workbook  will  prepare  you  for  the  Indicated  days  of  Instructlon- 
You  must  complete  the  assignments  and  be  prepared  for  evaluatioa  at  the  beginning  of 
each  day. 

DIRECTED  STUDY 

Assignment  in  preparation  for  Day  41. 

Read  the  following  pneumatic  control  terras  and  refer  to  Figure  2  to  answer  the 
questions. 


Pneumatic  Control  System 
Figure  2 

Control  System:     A  group  of  components  that  regulate  temperature,  pressure,  humidity. 

Controller:     Thermostats,  pressurestat ,  humldlstat.     Instrument  for  controlling  the 
variable  within  a  conditioned  space. 

Supply  Pressure:    Compressed  air  fed  to  the  controller. 
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Control  Pressure:     The  output  pressure  for  a  controller,   it  varies  with  temperature, 
pressure,  or  humidity. 


1. 
2. 


Pressure  is  the  energy  source  supplied  to  the  controller, 
is  the  output  pressure  from  a  controller. 


3.     What  causes  a  controller  to  change  con';rol  pressure? 


Head  the  following  pneumatic  control  terms  and  answer  the  questions. 
Control  Response 

Two  Position  Response:     Zero  or  total  control  pressure. 

Proportional  Response:     Zero  or  total  control  pressure  and  anywhere  in  between. 
Control  Action 

Direct  Acting:     A  controller  that  increases  control  pressure  as  temperature, 
pressure,  or  humidity  increases. 

Reverse  Acting:     A  controller  that  increases  control  pressure  as  temperature, 
pressure,  oi  ):tumidity  decreases. 


Temp 


Control 
Press 


Temp 


Control 
Press 


Temp 


Control 
Press 


Temp 


Control 
Press 


Direct  Acting  Controller 


Reverse  Acting  Controller 


Figure  3 


Control  Device:     A  component  which,  regulates  the  flow  for  water,  air,  or  steam  such  as 
a  valve  or  damper  assembly • 

Normally  Open:     A  controlled  device  that  is  open  when  control  pressure  is  removed. 

Normally  Closed:     A  controlled  device  that  is  closed  when  control  pressure  is 
removed . 

Control  Agent:     Water,  air,  or  steam  regulated  by  a  controlled  device  which  effects  the 
temperature,  pressure,  or  humidity. 

1.     What  is  the  Response  of  a  controller,  which  produces  only  on  and  off  response? 


What  is  the  response  of  a  controller  that  produces  a  small  chan^,e  in  control 
pressure  for  a  small  change  in  variable  (temp,  pressure,  or  humidity). 
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3.    What  component  in  the  pneumatic  control  loop  directly  controls  the  control  agent? 


4.     What  Is  the  action  of  a  controller  that  increases  control  pressure  as  the  variable 
(temp,  pressure,  or  humidity)  increases? 


I 


Pn3uroatic  Component  Identification 

Refer  to  Figure  4  and  answer  the  following  questions. 

1.  Which  lettered  component  will  indicate  supply  pressure? 

2.  Which  lettered  component  will  indicate  control  pressure? 

3.  Which  lettered  component  indicates  a  controlled  device? 

4.  Where  in  the  Figure  would  the  control  agent  be  located? 


Refer  to  the  following  definitions  and  Figure  5,  fill  in  the  blanks  with  the 
numbers  in  Figure  5  that  correspond  to  the  following  definitions. 

1.  Desired  value  :     What  you  want 

2.  Set  Point:     What  you  set  the  controller  at 

3.  Control  Point:     What  you  get 

4.  Sensing  Element:     The  part  of  a  controller  which  measures  a  change  in  temp, 
pressure,  humidity,  and  converts  this  change  to  movement. 

5.  Sensitivity:     A  comparison  of  the  amount  of  change  in  control  pressure  for  each 
change  in  t'^mp,  pressure,  and  humidity. 

1.  Set  Point  No.     

Definition 

2.  Desired  Value  No-   

Definition 


3.     Control  Point  No. 
Definition 


4.     Controller  No. 
Definition 


6 
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^Supply  'Pressure 


\ 


^  (r)-Cov4^fo\ier 


-n 


(AT  '^eSSure 


©  0 


Condicioned 
Space 


Conditior.e. 
Spsce 


Pneumatic  Control  System,    Figure  4 
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BEST  COPY  AVAILABLE 


5.    Controlled  Device 
Definition 


No. 


6*     Control  Agent 
Definition 


7.     Supply  Line 
Definition 


No. 


8.     Control  Line 
Definition 


No. 


Space  Temp  80 
Rel  Humidity  50% 


95  4 

t^^^ — 

■ 

Control  Loop.     Figure  5 


Read  the  following  paragraphs  answer  the  questions. 


PNEUMATIC  VALVES 

The  pneumatic  valves  are  designed  for  precise  regulation  of  water  or  steam  flow 
through  heating  or  cooling  equipment  in  response  to  demand  signals  from  a  oneumatic 
controller*    Valves  are  offered  in  a  wide  range  of  standard  sizes  and  capacit^es  to  meet 
any  requirements,  and  in  a  variety  of  body  patterns  and  connections  to  a. low  flexibility 
of  application.    However,  there  are  only  three  basic  body  styles  and  all  patterns  fall 
into  one  of  these  styles:     normally-open  (Figure  5),  normally-closed  (Figure  6),  and 
three-way  (Figures  7  and  8).     The  normally-open  valve  will  close  whea  air  pressure  from 
the  controller  is  applied  to  the  diaphragm.     A  normally-closed  valve  will  open  when  the 
air  pressure  from  the  controller  is  applied  to  the  diaphragm. 
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Figure  6   Figure 


Normally-Open  Valve  Normal!!. y-C I osea  vaivtr 

The  third  type  is  the  three-way  valve.     This  may  be  called  a  mixing,  a  diverting, 
or  a  bypass  valve.     There  are  three  connections  on  this  type,  common,  normal  ly -open ,  and 
normally-closed.     The  mixing  valve  has  two  inlets  and  one  common  outlet .     Air  pressure 
from  the  controller  regulates  the  inner  valve  so  that  the  entire  flow  is  from  either  one 
of  the  two  inlets  or  a  portion  from  both.     Bypass  or  diverting  valves  have  one  inlet  and 
two  outlets.     The  flow  is  directed  to  either  one  of  the  two  outlets  when  air  pressure 
from  the  controller  Is  applied  to  the  valve  operator.     Any  portion  of  the  flow  can  be 
directed  to  both  outlets  by  an  intermediate  air  pressure  in  the  operator. 


Operation  of  a  Pneumatic  Valve 

In  the  operation  of  the  pneumatic  valve,  air  pressure  from  the  controller  cntr^r;; 
the  diaphragm  chamber.     The  pressure  rise  in  the  chamber  causes  the  diaphragm  to  push 
the  plate  down  against  the  spring.     The  spring  is  compressed,  and  the  valve  disk  or  plug 
is  moved  against  or  away  from  the  valve  seat»  depending  on  whether  it  is  a  normally  open 
or  normally  closed  valve.  ^ 

!•     What  are  three  types  of  pneumatic  valves? 


2.    What  are  two  types  of  three-way  valves? 


3.    How  many  inlets  and  outlets  does  a  by-pass  valve  have? 


4.     WhEt  part  in  the  valve  holds  the  valve  in  its  normal  position  (N.O.  or  N.C-)? 


Read  the  following  paragraphs  answer  the  questions. 


DAMPER  OPERATORS 

Damper  operators  are  used  to  control  dampers  blades,  which  control  the  flow  of  air, 
its  operation  is  similar  to  that  of  the  pneumatic  valve. 

7he  majority  of  damper  operators  (Figure  10)  are  of  the  piston  type.     This  operator 
has  a  long  powerful  straight  stroke  which  requires  no  lever  arrangements.  ^ 

Air  from  the  controller  is  applied  to  the  molded  diaphragm  which  ha,s  a  positive 
seal  to  prevent  leakage,   (Figure  11).     This  air  pressure  expands  the  diaphragm  forcinp: 
the  piston  and  stem  outward  against  the  force  of  the  spring.     The  movement  of  tho  piston 
varies  proportionally  with  the  air  pressure  applied  to  the  diaphragm. 

The  spring  returns  the  operator  to  its  normal  position  when  the  air  pressure  is 
removed  from  the  diaphragm. 


■^top  screws 


Damper  Operator 
Figure  10 
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Extended  position 
Figure  11 

Adjustment 

All  sizes  of  piston  type  operators  are  provided  with  adjustable  stops  for  limiting 
the  stroke  of  the  operator  in  the  retracted  position,  as  well  as  in  the  extended 
position.    The  latter  is  the  position  which  the  operator  assumes  when  full  air  pressure 
is  applied  to  it.     When  a  piston  type  operator  is  attached  to  a  damper  or  other 
controlled  apparatus,  it  is  very  important  that  these  stops  be  adjusted  properly,  as  the 
incorrect  adjustment  of  stops  may  cause  damage  to  the  damper  operator  or  the  damper,  due 
great  power  of  the  piston  type  operator. 

1.  Dampers  are  used  to  control  the  flow  of  • 

2.  What  is  the  position  a  damper  operator  assumes  when  full  air  pressure  is  applied? 


Read  the  following  paragraphs  and  answer  the  questions. 


POSITIONER 

A  positioner  is  an  accessory  added  to  a  Controlled  Device  (CD) (Figure  12).     It  will 
accurately  position  the  CD  in  the  position  demanded  by  the  controller,   and  keep  it  in 
that  position  until  the  controller  senses  a  change  in  variable. 

Various  conditions  can  cause  inaccurate  positioning  of  the  CD.     When  these 
conditions  exist,  the  controler  cannot  move  the  CD  to  the  desired  position.  The 
controller  sends  the  correct  amount  of  pressure,  but  the  resistance  to  movement  keeps 
the  CD  from  moving  to  the  position  wanted.    The  positioner  will  make  the  pneumatic  CD  go 
to  the  proper  position. 

The  pneumatic  damper  can  also  have  corrosion  on  damper  linkages  and  opposition  to 
movement  due  to  airflow  through  the  dampers  which  hamper  the  correct  positioning  of  the 
damper.    The  positioner  insures  that  the  damper  moves  to  the  position  called  for  by  the 
controller. 


11 

o 
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Screw  ^startpoint^ 
-lotat-ed  under  cover- 


Pamp  e  r 
Operator 


cs i  t  f  oner 


stop  point 
adjustTDent 


Positioner  being  used  on  a  Damper 
Figure  12 


1.     What  is  the  purpose  of  a  positioner? 


2.     What  are  two  conditions  which  hamper  the  correct  positioning  of  a  damper? 


3.     What  are  the  two  adjustments  on  a  positioner? 


STOP!     You  have  completed  the  directed  study  to  be  completed  prior  to  day  41  class. 
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start  here  for  the  assignment  to  be  finished  in  preparation  for  Day  42. 


^a.     Read  the  following  paragraphs  answer  the  questions. 

ROOM  THERMOSTATS  (T-4002) 

A  room  thermostat  Is  a  device  that  measures  the  temperature  of  a;.   Individual  room. 
The  thermostat  converts  the  temj)erature  changes  into  an  air  pressure  (control  pressure) 
that  is  sent  to  a  controlled  device  (valve  or  damper).     The  controlled  device  regulates 
the  flow  of  the  control  agent  (chill  water,  hot  water,  steam,  etc.)  which  will  control 
the  temperature. 

The  room  thermostat  can  be  used  to  automatically  control  the  temperature  for 
heating  or  cooling,  but  only  one  at  a  time.     An  application  for  cooling  is  shown  in 
Figure  13.     The  room  thermostat  is  installed  on  a  wall  where  it  will  sense  the 
temperature  of  the  room.     The  room  thermostat  modulates  the  chilled  water  valve  to 
control  the  temperature  of  the  supply  air.     The  room  thermostat  can  be  applied  for 
heating  as  well  as  cooling. 

The  room  thermostat  has  a  sensing  element  (Bi-Metal  Strip).     When  the  room 
temperature  increases,  the  element  bends  down  and  increases  control  pressure.     When  the 
room  temperature  goes  down,  the  element  bends  up  and  decreases  control  pressure.  The 
type  of  bi-metal  strip  will  determine  if  the  thermostat  is  direct  or  reverse  acting. 


Figure  13 


SENSITIVITY.     The  sensitivity  should  always  be  as  high  as  possible  without 
producing  excessive  hunting  or  cycling.     The  thermostat  is  factory  set  for  approximately 
2  1/2  psi  per  degree,  but  the  sensitivity  is  adjustable  between  1  and  8  psl  per  degree. 
Change  the  sensitivity,  move  the  sensitivity  slider. 

I.     What  is  the  purpose  of  a  thermostat  in  a  praeumatic  control  system? 


2.    What  determines  the  action  of  the  thermostat? 


3.    What  Is  the  action  of  the  thermostat  when  the  sensing  element  bends  down  on  an 
increase  In  temperature? 
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4.     How  is  the  sensitivity  changed  on  the  thermostat? 


b.     Read  the  following  paragraphs  answer  the  questions. 


ROOM  HUMIDISTAT 

A  room  humidistat  is  a  device  that  senses  changes  in  relative  humidity  of  an 
individual  room.     When  a  change  occurs,   the  humidistat  changes  the  control  air  pressure 
to  the  controlled  device.     The  room  humidistat  can  be  used  to  automatically  control  the 
relative  humidity  for  humidif ication  or  dehumidif ication ,   but  only  one  or  the  other.  It 
is  installed  on  a  wall  where  it  will  sense  the  humidity  of  the  room  and  modulates  the 
chilled  water  valve  to  control  the  realtive  humidity  (moisture  content)  of  the  supply 
air . 

Room  Humidistat,   H-4100  (see  Figure  14). 


Room  Humidistat  H-4100 


Operation . 

Direct  Acting  Humidistat;     When  the  humidistat  senses  a  rise  in  relative  humidity  thp 
bi-wood  strip  bends  down,   this  causes  the  control   pressure  to  increase. 

Reverse  Acting  Humidist:     When  the  humidistat  senses  a  rise  in  relative  humidity  the 
bi-wood  strip  bends  up,   this  causes  the  control  pressure  to  decrease. 

1.  The  controlled  variable  of    is  sensed  by  the  H-4100. 

2.  What  type  of  sensing  element  is  usually  found  in  the  H-4100? 


3.     When  humidity  changes  the  humidistat  changes  the    pressure. 

Pneumatic  Control  Theory 
c.     Refer  to  Figures  15,   16,   17,   and   18  as  necessary  to  complete  the  following  loops, 

2. 


AGKNT;     Hot  Water 
DEViCfc;:     N.O.  Valve 
ACTION : 


3.     AGENT:  Steam 
'•KVICh;; 


ACTION;  RA 


14 


AGENT:     Chilled  Water 

DEVICE:   

ACTION: 


DA 


AGENT:     Chilled  Watf?r 
DEVICE:     N.O.  Valve 
ACTION : 
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Tcmr 


Pressure 


Tern- 


Tressijre 


S  C 

1 — : 


Hot 


Wrter  L 


Figure  lb 


Figure  16 


I  T 


Tern? 


Pressure 


Temp 


Pressure 


Figure  17 


Figure  18 


d»     Refer  to  Figure  19  to  answer  following  questions.    A  DA  thermostat  has  two 
controlled  devices*    One  is  a  NO  Hot  Water  valve  with  a  spring  range  of  3  psi  to  7  psi. 
The  other  controlled  device  is  a  N.C.  Chilled  Water  valve  with  a  spring  range  of  9  psi 
to  13  psi.     The  thermostat  has  a  sensitivity  of  2  psi/1  degree,  and  the  setpoint  is  72 
degrees. 
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When  the  temperature  is  at  setpoint,  what  will  be  the  position  of  the  cooling' 
valve? 


The  heating  valve? 

If  room  temperature  increases  to  75  degrees 

-  what  will  the  control  pressure  be?   

-  what  will  be  the  position  of  the  heating  valve?   

-  the  position  of  the  cooling  valve?    

At  what  temperature  will  the  cooling  valve  be  1/2  open? 
At  what  temperature  will  the  heating  valve  be  1/2  open? 
What  is  the  throttling  range  of  the  cooling  valve? 
What  Is  the  throttling  range  of  the  heating  valve? 


a.  T/stat :  DA 

b.  Sensitivity:     2  psi/1  degree 

c.  Heatint;  valve 

(1)  Hot  Water 

(2)  NO 

(3)  Spring  Range:     3  psi  to  7  psi 

d.  Cooling  Valve 

(  I )     rhil  led  Water 

( 2 :  r:r 

(3)     Spr'-tp;  Range  9  psi   to  13  psi 
e-     Setpoint  '      .  .  C'cgrees 


Temp 

76 


74 


VO 


psi 

16" 


15 
14 
13 
12 
11 
10 
9 


68 


6 
5 
4 
3 
2 
1 
0 


-Coo  11  r'  >; 


Sotpo L  n t 


_  Hoa  t i  ng 


Read  the  following  paragraphs  answer  the  questions. 


Figure  19 
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ACTING 
STRIP 


F)  gure  20 


T-4  752  HEATING-COOLING  THERMOSTAT 


The  heating-cooling  thermostat  is  a  controller  which  measures  the  temperature  of  an 
individual  room.     The  heating-cooling  thermostat  converts  temperature  changes  into 
pressure  changes  in  the  b^me  manner  as  the  room  thermostat.     The  heating-cooling 
thermostat  is  a  combination  of  two  room  thermostats  (a  direct  acting  and  a  reverse 
acting)  into  one  thermostat.     In  reality,  it  is  a  room  thermostat  that  uses  direct 
acting  for  control  of  heating  in  the  winter  and  reverse  acting  for  control  of  cooling  in 
the  summer.     This  controller  can  also  be  referred  to  as  a  summer-winter  thermostat. 

The  heating-cooling  thermostat  can  be  used  to  automatically  control  the  temperature 
^<>r  heating  and  cooling.     The  heating-cooling  thermostat  is  Installed  on  a  wall  where  It 

1 1  s<?nse  the  temperature  of  the  room.     The  controller  modulates  the  controlled  device 
to  control  the  flow  of  chiled  water  In  the  summer  and  hot  water  In  the  winter. 


The  heating-cooling  thermostat  operates  together  with  another  controller  sensing 
the  outdoor  temperature.     When  the  outdoor  temperature  rises,  the  rise  in  temp  is  sensed 
by  the  outdoor  T/Stat  which  will  cause  the  heating-cooling  T/Stat  to  be  reverse  acting 
for  cooling.     A  decrease  in  temp  sensed  by  the  outdoor  T/Stat  wi 1  cause  the  heating 
cooling  T/Stat  to  be  direct  acting  and  control  the  heating. 

1.     What  is  the  action  of  the  T-4752  controller? 


2.     The  T-4752  uses  acting  for  heating  and  acting  for 


Operation 


cooli  ng. 


Th'^  T-*4752  controls  a  valve  to  use 
water  in  the  -srinter. 


water  In  the  summer  and 


4. 


Why  is  it  necessary  for  the  T-4752  to  change  its  action? 
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a.     Read  the  following  pages  answer  the  questions. 


LP  914  A  (SENSOR) 


There  are  four  types  of  sensors;  temperature,  humidity,  pressure,  and  dewpoint. 
Each  can  be  used  with  the  RP908A  nonbleed  controller.     The  temperature  sensor,  which  we^ 
will  work  with,  has  an  invar  rod,   brass  rod,   and  a  stainless  steel  lid.     See  Fife^ure  21.^ 

The  sensor  can  be  inserted  into  a  duct  or  large  water  pipe  in  a  remote  area.     It  is 
connected  to  the  controller  by  tubing. 

OPERATION.     On  an  increase  in  temperature  the  brass  rod  expands,  moving  the  invar 
rod  away  from  the  lid.     With  the  lid  closed,   the  pressure  will  back  up  to  the  input 
chamber  of  the  controller. 

On  a  decrease  in  temperature  the  brass  rod  will  contract,   causing  the  invar  rod  to 
move  the  lid  away  from  the  seat.     The  movement  of  the  lid  is  less  than  one 
ten-thousandths  (.0001)  of  an  inch.     This  will  allow  all  pressure  above  3  psi  to  escape 
to  the  atmosphere. 

The  sensor  will  operate  accurately  at  a  distance  of  1000  feet  or  less. 

The  minimum  signal  of  LP  914  a  sensor  is  3  psi  at  ?.  sensed  temperature  of  -4C*F. 
The  maximum  signal  is  15  psi  at  a  sensed  temperature  of  +160°.     The  sensor  operating 
span  is  200*. 


STAINLESS 
STEEL  LIDi 


BRASS  TUBE- 


INVAR  ROD 


RIGID  STEM  SENSOR 


SENSOR  LINE  H 
TO  CONTROLLER-^ 


LP914  Sensor 


Figure  21 


1. 


What  an?  the  four  varLablos  tho  RPOOyA   Is  capable  of  controlling;? 


2. 


How  is  the  sensor  connected   to  a  controller? 


3.     What  is  the  minimum  signal  pro:,-ure  sent  to  tlio  controller  from  the  sensor? 


4. 


What  is  the  sensor  operating  range? 
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b.     Read  the  following  paragraphs  and  answer  the  following  questions. 

RP-908A  (controller) 


The  controller  can  be  located  in  a  remote  equipment  room  or  on  a  control  panel.  Tt 
is  connected  to  the  sensor  by  tubing  and  takes  a  small  pressure  change  from  the  sensor 
and  amplifies  it  through  the  main  lever,  secondary  lever,  and  the  relay  chamber  to 
provide  a  0  to  max  psig  branch  line  pressure.     See  Figure  22. 

The  controller  is  equipped  with  three  springs  (see  Figure  41).     Two  small  springs 
are  connected  to  the  secondary  lever  if  reverse  action  is  desired  or  disconnected  if 
direct  action  if?  desired.     The  large  spring  is  used  only  when  the  proportional  band 
adjustment  is  set  at  15%  or  above.     The  action  of  the  controller  can  be  changed  by 
moving  the  pivot  points  of  the  secondary  lever. 


RP-9C8A  Controller 
Figure  22 


1.     V/hat  type  of  response  does  the  RP-908A  produce? 


2.     What  id  the  action  of  the  RP-908A? 
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3.    Can  the  action  of  the  RP-908A  be  changed,  if  to  how? 


4.     When  must  the  proportional  band  spring  be  connected  to  the  main  lever? 


c.  Head  the  following  paragraphs  and  service  chart  ^^'l  and  answer  the  following 
quest ion£. 


Calibrating  a  Pneumatic  Controller 


If  a  pneumatic  control  system  i 3  to  work  properly,  it  must  be  calibrated  properly. 
Calibration  is  a  procedure  of  manually  setting  the  control  pressure  at  a  specific 
variable.    Listed  are  the  basic  steps  for  calibration  of  pneumatic  controller. 

1.  Determine  ambient  variable  (temp,  pressure,  humidity). 

2.  Set  the  set  point  dial  to  sensed  variable. 

3.  Adjust  calibration  screw  located  on  controller  to  the  mid  spring  range  (M.S.R.)  for 
controlled  device. 

4.  Turn  set  point  dial  to  what  you  want. 

These  four  steps  for  calibrating  a  pneumatic  controller,  are  the  basic  four  steps 
for  the  calibration  of  all  controllers. 


If  a  complex  pneumatic  control  system  is  expected  to  keep  on  operating  correctly, 
certain  maintenance    practices  must  be  performed.     Since  the  pneumatic  control  system  is 
composed  of  a  number  of  major  components  we  will  discuss  the  maintenance  required  for 
each.  ^ 

Compressor  -  was  discussed  in  a  previous  section,  most  important  maintenance 
practice  is  to  open  drain  values  daily  to  remove  moisture. 

PRV  -  Check  output  pressure  daily. 

Pneumatic  Controller  -  aost  times  a  defective  controller,  will  be  removed  and 
replaced.     The  reason  being  the  complexity  and  small  air  passage  ways  involved.     In  some 
cases  the  pneumatic  coatroller  can  be  taken  apart  and  a  plugged  filter  replaced. 
Isolate  th^  controller  make  SURE  the  controller  is  defective  before  replacing  it. 

Damper  Operator  -  A  damper  operator  that  binds  or  does  not  operate  should  be 
replaced.     In  some  cases  graphite  can  be  used  to  temporarily  prevent  binding  in  an 
operator  until  a  new  one  can  be  obtained.     Remember  to  replace  the  operator  with  one  of 
the  same  spring  range  as  the  one  it  replaced. 

Valve  -  A  valve  that  will  not  close  or  binds  during  operation  should  be  replaced. 

Linkage  -  should  be  checked  whenever  it  is  suspected  of  being  out  of  adjustment. 
The  damper  blade  should  assume  the  mid  position  when  M.S.R.   pressure  is    applied  to  the 
damper  operator. 

Once  a  pneumatic  system  is  "set  up"  only  a  small  amount  of  maintenance  will  be 
required  to  keep  it  operating  correctly.     Unnecessary  adjustment  "tinkeritus"  is  the 
biggest  enemy  of  a  control  system. 


Maintaining  a  Pneumatic  Control  System 
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Trouble  Shooting  a  Pneumatic  Control  System 


Troubleshooting  will  be  a  daily  task  for  a  ref rigerati^^a  specialist.     Listed  is  a 
^^Imple  troubleshooting  chart  for  a  pneumatic  control  system. 


OBSERVATION 
Compressor  won't  run 


No  or  Low 
Supply  Pressure 


Supply  Pressure  Too  High 


Control  Pressure  Not  Correct 


Control  device  will  not  go  to 
position  demanded  by 
controller 


^^naccurate  position  of  value 
^P^r  damper  assy. 


I. 


1. 
2. 
3. 
4. 


Service  Charts  #1 
POSSIBLE  TROUBLE 

Electrical  Trouble 

a .  No  Power 

b.  Blown  Fuse 

c.  Open  Switch 

Inop  Compressor 
Plugged  Supply  Line 
Leaking  Supply  Line 
Prv  Not  Adjusted 
Correctly 


1.     PRV  not  Adjusted 
Correctly 

1.  Controller  Out  of 
Calibration 

2.  Defective  Controller 

1 .  Positioner  (if  used)  out 
of  adjustment 

2.  Control  Device  Binding 


REMEDY 


a .  Check  Power 

b.  Replace  Fuse 

c.  Close  Switch 

1.  Repair  Compressor 

2.  Unplug  Line 

3.  Fix  Leak 

4.  Readjust  Correctly 


Readjust  Correctly 


1.  Recalibrate  controller 
to  MSR 

2.  Repl&ice  Controller 

1.  Readjust  Positioner 

2.  Repair  or  Replace 
Control  Device 


Linkage  out  of  adjustment     1.     Readjust  Linkage 


1.     What  is  the  first  step  of  calibration  of  any  pneumatic  controller? 


2.     What  Is  the  calibration  screw  adjusted  to  during  calibration? 


3.     What  would  be  the  possible  trouble  if  the  supply  pressure  was  too  high? 


4.     What  Is  the  possible  trouble  when  the  compressor  won't  run? 


5.     What  should  the  linkage  of  pneumatic  damper  be  adjusted  to? 


MECHANICAL  AIR  DRIER 

The  refrigerated  air  dryer  provides  continuous  operation  for  supplying  dry  air  for 
leunatic  Control  Systems.     It  does  this  by  simply  using  a  tube-n-tube  evaporator.  The 
^refrigerant  is  in  the  inner  tube  and  air  in  the  outer  tube.     The  refrigerant  co^ls  the 
air  down,  causing  the  moisture  in  the  air  to  (condensate)  thus  removing  the 
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moisture.     This  is  (DEW  POINT)  important  for  smooth  operation  of  controls.     The  unit's 
major  components  are:     hermetically  sealed  compressor,  using  refrigerant,  condenser  fin 
and  tube  type,  condenser  fan,  filter  dryer  (refrigerant  type  Installed  In  liquid  line), 
Heat  Exchanger  (tube-l n-t ube)  AEV  (automatic  expansion  valve),  evaporator,  automatic 
drain  valve,  by-pass  valves,  oil  filter  with  automatic  drain,  high  and  low  pressure  air 
gages,  pressure  relief  valve,  high  and  low  pressure  outlet  lines,  and  last  but  not  least 
an  inlet  air  line  from  compressor.     Also,  most  units  have  pressure  by-pass  valves-  M 
These  valves  simply  Isolate  the  heat  exchanger  for  easy  maintenance.     These  valves  are  ^ 
manually  operated-     Advantage  Is,  It  can  bii  done  without  Interrupting  the  control  air 
supply*     Automatic  drain  valves  bleed  off  moisture  from  the  system. 


QUESTIONS: 

1.  What  is  a  Refrigerated  Air  dryer? 

2.  How  does  this  unit  dry  the  air? 

3.  Why  Is  dry  air  Important? 

4.  What  are  the  major  components  of  the  Refrigerated  Air  dryer? 

5.  What  type  of  refrigerant  Is  used? 


Mechanical  Air  Oryer 
Figure  23 
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0.  What  type  of  compressor  does  this  unit  have? 

7.  Explain  the  purpose  of  the  heat  exchunger. 

8.  Why  does  this  unit  need  automatic  drain  valves? 

9.  What  is  used  to  meter  refrigerant  into  the  tube-n-tube  counterflow  air  dryer? 
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STOP!    Yoa  have  completed  assignment  to  be  completed  prior  to  Day  42  class. 
Start  here  for  Directed  Study  Assignment  to  be  completed  prior  to  day  43  class. 
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ELECTRICAL  CONTROLS 


OBJECTIVE 

To  develop  a  knowledge  and  understanding  of  electric  controls,  their  use, 
advantages,  and  applications. 

*    To  develop  the  skills  necessary  for  the  Installation,  calibration,  and  maintenance 
of  series  40,  80,  and  90  electric  control  loops. 

INTRODUCTION 

To  a  large  degree,  the  type  of  energy  which  Is  best  suited  for  a  particular  control 
problem  determines  the  kind  of  control  equipment  selected.     Electrical  energy  Is 
commonly  used  to  transmit  the  controller  measurement  of  a  change  in  a  controlled 
variable  to  other  parts  of  the  system.     It  also  translates  that  measurement  into  work  at 
the  final  control  elements.     For  this  purpose  electricity  has  the  following  advantages: 

o      It  is  readily  available. 

o      Electrical  wiring  is  usually  simple  and  easy  to  install. 

o      Electrical  energy  readily  amplifies  the  relatively  small  signal  received  by 
the  sensing  element  making  it  possible  to  control  systems  which  ordinarily 
could  not  be  controlled. 

o      The  impulse  received  from  the  sensing  element  can  be  applied  directly  to 
produce  one  or  several  combinations  or  sequences  in  electrical  outputs. 

^^sslgnment  to  be  accomplished  in  preparation  for  day  43. 

Read  the  following  paragraph  refer  to  Figure  13  and  Figure  14  to  answer  the 
following  questions. 


SERIES  40-80  CONTROL  CIRCUIT 

The  purpose  of  series  40-80  control  loop  is  to  control  temperature,  pressure,  or 
humidity  "Electrically". 

Series  -40  and  -80  controllers  include  the  following:     room  thermostats,  insertion 
thermostats,  pressure  controllers  and  humidity  controllers. 

The  series  -40  control  circuit  is  a  line  voltage  circuit  and  the  series-80  Is  a 
low-voltage  circuit.     Both  are  switched  directly  by  the  SPST  switching  action  of  the 
series-40  or  -80  controller.     These  controllers  may  have  either  contacts  or  mercury 
sirL  tches. 

Application 

The  series  40-80  motor  is  connected  mechanically  to  be  valve  or  damper  (see  Figure 

26). 
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Figure  24 


Coatrollpr 


Figure  25 


Motor 


Operation 

The  controller  (see  Figure  25)  contains  a  sensing  element  which  senses  a  change  In 
variable  (temp,  pressure,  or  humidity).     This  change  in  variable  will  cause  the  motor  t 
be  energized  (motor  runs)  and  de-energlzed  (motor  stops),  by  opening  and  closing 
contacts  located  in  the  controller. 

1.     Series  40/80  controllers  can  sense  the  variables  of   ,   

and 


2.     What  Is  the  purpose  of  a  series  40/80  control  circuit? 


3.     What  is  the  switching  action  of  the  series  40/80  controller? 


4.     What  voltage  is  required  for  a  series  40  motor?    For  a  series  80  motor? 
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b.     Read  the  following  paragraphs,  azjd  Figure  25  answer  the  questions. 

^po ration  of  Series  40/80  Control  Circuit 

Figure  26  shows  a  simplified  eeries  40-80  control  circuit.     It  includes  a 
controller,  motor,   limit  switch,  and  brake  solenoid.     When  the  controller  senses  a 
change  in  variable  (becomes  unsatisfied),  the  contacts  in  controller  close,  causing  the 
motor  shaft  to  rotate.     The  shaft  will  now  rotate  slowly  from  the  0*  (retracted) 
position,  to  the  160*  (extended)  position.    When    the  shaft  reaches  the  160*  position 
the  limit  switch  opens,  and  the  motor  stops.     The  motor  shaft  is  held  in  the  160* 
position  by  a  brake  solenoid.     As  long  as  the  contacts  are  closed  in  the  controller  the 
brake  is  energized.    When  the  variable  cfiange^  (controller  is  satisfied),  the  contacts 
in  the  controller  will  open.    The  motor  shaft  now  returns  to  the  0*  position  by  using  a 
fai  isafe  spri ng. 


!•     What  causes  the  coutacts  in  the  series  40/80  controller  to  open  and  close? 


2.    What  is  the  purpose  of  a  limit  switch  in  the  series  40/80  control  circuit? 


3.     What  is  the  purpose  of  the  brake  solenoid  in  the  series  40/80  control  circuit? 


4.     When  is  the  series  40  and  80  brake  solenoid  energized? 


0 


Sen      40  and  80  Control  Circuit 


Figure  26 


I 
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Read  the  following  paragraphs  and  answer  the  questions. 


Series  90  Control  Circuit 

The  purpose  of  series  90  control  circuit  Is  to  control  temp,  pressure,  humidity. 
Unliko  the  series  40/80  this  circuit  operates  to  position  the  controlled  device  at  any 
point  between  fully  open  and  fully  closed.   Including  fully  open  and  fully  closed. 

Series  90  Signal  Potentiometer 

The  series  90  controller  has  a  signal  potentiometer  which  is  a  type  of  variable 
resistor.     See  Figure  27.     The  signal  potentiometer  Is  located  In  the  controller,  and 
changes  Its  resistance  with  a  change  in  variable  (temp,  pressure,  or  humidity). 


Series  90  Balancing  Potentiometer 

The  series  90  uotor  has  a  balancln;^  potentiometer,  which  is  als:>  a  type  of  varirib-' 
resistor.     The  balaiici::i^  potentiometer  Is  located  in  the  motor,   and  cJiangcs  its 
resistance  with  a  change  in  the  position  of  the  motor  shaft. 

I.     What  is  tlie  purpose  of  a  series  90  control  circuit? 


2.     Whic'    ii  Ircuit  will   give  tho  mosi.  aci      .i  I  o  ''iiutrol  of  a  v;iri{ibl(^  >inrics 

40/8(/,   or  St      1^:;  90?     Explain  why. 


3.     What  causes  tli     sign;)l  potent  i  omet'  ;    to  change  its        .i  stance? 


4.     What  CHM.scs  tJic  l  ii  inciiig  pot-.nt ioineter  to  change  its  f  . distance? 


c.     H^ad  the  fc.  Lowing  paragr^.  j  .    tnd  using  Figure  23  answer  the  following  que^»tions* 


O 


Potentiometer 


Fibure  27 


SERIES  90  MOT^M^ 


The  series  90  motor  will  operate  In  both  directions, 
stopped,   and  operated  in  both  directions  by  a  SPOT  switch. 


The  motor  is  started. 
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Operation 


fi       See  Figure  28.     When  power  (24  volts)  is  applied  to  the  signal  potentiometer 
urrent  flows  to  the  balancing  potentiometer.     The  current  flowing  to  the  balancing 
potentiometer  changes  with  changes  in  the  variable.     Refer  to  Figure  28  changes  in 
current  thru  coil  ^1  and  coil  #2  will  change  the  magnet  strength  of  these  coils  and  the 
oiJeration  of  the  SPDT  switch.     The  operation  of  the  SPOT  switch  will  determine  the 
direction  of  rotation  of  the  motor. 


Signal  potentiometer 


1  "-2  j 


i  \ 


BaAJncing  Coils  <^ 


■Coll  1 


S.P,D.T. 

Switch 


Balancing  Potentiometer 
Figure  28 


Sensing  Element 


24  V 


T 


'9 


Motor  Shaft 


1.  The  series  90  motor  will  operate  in   

2.  What  does  the  SPDT  switch  do  in  a  series  90  circuit? 


directions. 


3.     What  causes  current  flow  to  change  in  a  series  90  circuit? 


4.     What  is  the  voltage  required  on  the  series  90  control  system? 


Read  the  following  paragraphs,  and  service  chart  #2  answer  the  following  questions. 

Calibration  of  a  electric  control  system  will  be  an  important  part  of  your  job. 
Listed  is  the  calibration  procedure  for  a  electrical  control  system. 

1.  Bring  conditioned  space  to  set  point. 

2.  Center  signal  wiper  arm  l^'^ated  in  controller  visually. 

3.  Center  signal  wiper  arm         ig  ohmmeter  (isolate  controller). 

4.  Balancing  wiper  arm  located  in  motor  will  balance  automatically., 
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Listed  is  a  service  chart  for  troubleshooting.     Read  service  chart  #2,  for 
troubleshooting  of  a  electrical  control  system  and  answer  the  questions. 


OBSERVATION 
Motor  won't  run 


Innaccurate  Control  of  Motor 


Inaccuracte  Position  of  Valve 
or  Damper  Assy. 


SfiaVICE  CHART  #2 
POSSIBLE  TROUBLE 
Electrical  Trouble 

1.  No  or  Low  Power 

2.  Blown  Fuse 

3.  Burned  Transformer 


4.  Burned  Motor 

5.  Bad  Capacitor 

6.  Dirty  Potentiometer 

7, 

1, 
2, 
1, 


Loose  or  Broken  Wire 


Controller  out  of 
Calibration 
Defective  Controller 

Linkai^e  out  of 
adjustment 


REMEDY 


1.  Check  Power 

2.  Replace  Fuse 

3.  Replace 
Transformer 

4.  Replace  motor 

5.  Replace  capacitor 

6.  Clean 
Potentiometer 

7.  Connect  or  Replace 
Wire 

1 .  Recalibrate 
Control ler 

2.  Replace  Controller 

1,     Readjust  Llnkay;e 


What  is  the  first  step  for  calibrating  an  electrical  control  system? 


What  instrument  is  used  to  center  the  signal  wiper  arm? 


Name  five  possible  troubles  that  would  cause  the  motor  not  to  run? 


What  is  the  most  probable  trouble  when  inaccurate  position  of  control  device  is 
suspected? 


Listed  are  the  seven  steps  for  replacing  of  an  electrical  control.     Remember  to 
replace  the  electrical  control  with  one  of  the  same  resistance. 

Steps  for  Replacing  an  Electrical  Control 

1,  Remove  all  jewelry,  observe  all  safety  precautions, 

2,  Remove  all  power  from  circuit, 

3,  Check  for  loose,   frayed,  or  corroded  connections, 

4,  Replace  electric  control, 

5,  Apply  Power, 

6,  Check  for  proper  operation, 

7,  Calibrate  only  if  necessary. 

STOP!     You  have  completed  the  Directed  Study  to  be  accomplished  prior  to  day  43, 
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ELECTRONIC  CONTROLS 


OBJECTIVE 

This  section  will  aid  you  in  learning  electronics  as  applied  to  refrigeration  and 
air-conditioning  control  systems. 

INTRODUCTION 

Electronic  controls  are  being  used  more  each  day.     Temperature,  pressure,  and 
humidity  can  be  controlled  electronically.     The  main  components  of  an  electronic  circuit 
are  semiconductors. 

You  will  be  required  to  inspect,  adjust,   troubleshoot  and  replace  electronic 
controls.     To  do  this  you  must  know  the  construction  characteristics,  operating 
primtiples,  and  limitations  of  solid  state  semiconductors. 

Start  here  for  the  Directed  Study  Assignment  to  be  accomplished  prior  to  day  44 
class. 

Read  the  following  paragraphs  and  answer  the  questions. 

Current  flow  through  electronic  components  -  to  begin  this  section,  a  brief  review 
of  the  atom  is  necessary.     An  atom  consists  of  a  positive  charged  nucleus  around  which 
spins  negative  charged  electrons.     These  electrons  travel  around  the  nucleus  in  paths 
called  shells.     Because  of  the  attraction  of  the  unlike  charges  of  the  nucleus  and 
electrons,  the  electrons  are  pulled  toward  the  nucleus.     The  orbital  electron  has,  as  a 
result  of  its  motion  and  velocity,  kinetic  energy  that  pulls  the  electron  away  from  the 
nucleus.     When  the  force  between  the  unlike  charges  is  equal  to  the  force  of  the  kinetic 
energy,  the  electron  will  assume  a  constant  orbit  around  the  nucleus  of  the  atom. 

^^1.     What  is  the  potential  charge  of  the  nucleus  of  an  atom?   


2.     What  i'5  the  potential  charge  of  the  orbiting  electrons? 


3.     Because  of  their  great  orbital  speed,  electrons  tend  to  break  away  from  their 
orbit.     What  keeps  the  electrons  in  their  orbit?   


4.     The  electrons  travel  around  the  nucleus  ii:  paths.     What  are  these  paths  called? 


Not  all  electrons  rotate  the  same  orbital  shell.    The  electrons  are  distributed  to 
different  orbital  paths  or  shells  according  to  the  energy  level  of  the  electron.  The 
outermost  shell  is  called  the  valance  shell,  and  the  electrons  in  this  shell  are  called 
valance  electrons.     The  electrons  in  the  valance  shell  are  influenced  the  least  by  the 
attraction  of  the  nucleus  so  the  valance  electrons  are  most  easily  moved  out  of  their 
shell.    When  a  valance  electron  is  free  of  its  shell  it  is  called  a  free  electron.  The 
travel  of  free  electrons  is  called  current.     The  loss  of  an  electron  from  the  valance 
shell  causes  a  vacancy  in  the  atom.     This  vacancy  is  called  a  hole  and  causes  the  parent 
atom  to  become  positive.     The  positive  charged  atom  will  attract  an  electron  from  the 
^alance  shell  of  a  neighboring  atom.    When  the  hole  in  the  parent  atom  Is  filled  with  an 
fclectron  from  a  neighboring  atom,  the  hole  moved  from  the  parent  atom  to  the  neighboring 
?tom.     You  can  see  that  current  flow  is  the  flow  of  electrons  from  negative  to  positive, 
and  at  the  same  time,  the  flow  of  holes  from  positive  to  negative. 
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!•     What  is  the  outermost  shell  of  an  atom  called? 


2.     Describ*  a  free  electron.  

 « 


3*     Describe  how  a  hole  is  formed. 


4.  What  is  the  electrical  potential  of  a  hole?   

5.  What  is  the  electrical  potential  of  an  electron? 
6*     Describe  how  holes  move. 


Explain  current  as  it  relates  to  the  flow  of  electrons  and  holes 


Substances  that  have  a  large  number  of  free  electrons  are  called  conductors 
(copper,  gold,  silver).     Substances  with  few  free  electrons  are  called  poor  conductors 
or  insulators  (rubber,  glass,  dry  wood).     Substances  between  conductors  and  insulators 
are  called  semiconductors  (Germanium  and  silicon).     Most  solid  state  electronic  devices 
are  made  from  semiconductors. 

Give  two  examples  of  semiconductors.    


Crystals  With  Impurities 

Pure  germanium  and  silicon  crystals  are  of  no  use  as  a  semiconductor  device  because 
of  the  small  number  of  current  carriers  available.     However,  when  certain  impurities  aro 
added  to  the  crystal,  the  number  of  carriers  can  be  increased  to  obtain  a  useful 
current.     This  process  of  adding  impurities  to  the  crystal  structure  is  called  OOPINO. 
The  added  impurities  create  either  an  excess  of  electrons  or  an  excess  of  holes, 
depending  on  the  type  of  impurity  added. 
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When  arsenic  is  added  to  germanium,  the  arsenic  atom  will  form  bonds  with  the 

krraanium  atoms.     The  arsenic  atom  has  five  valence  electrons  in  its  outer  shell,  but 
es  only  four  of  them  to  form  bonds  in  the  valence  band  with  the  germanium  atoms.  This 
leaves  one  electron  to  become  a  free  electron.     This  impurity  donates  one  electron  to 
increase  the  number  of  free  electrons  without  increasing  the  number  of  holes.  Because 
the  impurity  donated  free  electrons  to  the  semiconductor  material,  it  is  often  referred 
to  as  a  DONOR  imourity.     The  resulting  material  conducts  by  electron  movement  and  is 
called  NEGATIVE  CARRIER  or  N-TYPE  semiconductor  ruaterial.     The  amount  of  the  impurity 
added  is  very  small.     The  more  impurity  added,  the  more  free  electrons  in  the  crystal. 

An  impurity  having  three  valence  electrons  can  be  added  to  pure  germanium  to  "dope" 
the  material.     Indium  has  three  valence  electrons;  therefore  it  has  one  electron  less 
thiin  it  needs  to  bond  with  the  neighboring  atoms.     Therefore,  an  incomplete  bond  (hole) 
is  created.     Because  this  impurity  created  a  hole  which  will  accept  one  electron  to 
complete  the  bond,  it  is  called  an  ACCEPTOR  IMPURITY.     Acceptor  impurities  are  added  to 
a  crystal  to  increase  the  number  of  holes  without  increasing  the  number  of  free 
electrons.     The  resulting  material  conducts  by  hole  movement  and  is  called  POSITIVE 
CARRIER  or  P-TYPE  semiconductor  material.     Thus,  a  hole  is  actually  a  positive  mobile 
charge  and  exists  in  the  valence  band. 

1.     Explain  why  pure  germanium  or  silicon  crystals  are  of  no  use  as  a  semiconductor 
device. 


2.     Name  the  process  of  adding  impurities  to  germanium  or  silicon  crystals. 


Describe  how  donor  impurities  changes  the  germanium  or  silicon  crystal. 


4.     Describe  how  acceptor  impurities  changes  the  germanium  or  silicon  crystal. 


Current  Carriers  in  N-  and  P-  Type  Materials 

Both  electrons  and  holes  are  current  carriers  in  semiconductors.     Electrons  are 
negative  current  carriers,  and  holes  are  positive  current  carriers.     Current  carriers 
are  also  referred  to  as  MAJORITY  carriers  and  MINORITY  carriers.     Majority  current 
carriers  are  produced  by  doping.     Minority  current  carriers  are  produced  by  applying 
energy  (heat,   light,  etc.)  to  the  semiconductor.     In  N-type  material,  electrons  are  the 
majority  carriers.     Then  energy  is  applied  to  N-type  material,  ELECTRON-HOLE  pairs  are 
generated.     The  electrons  add  to  the  majority  current  carriers  and  the  holes  become  the 
minority  current  carriers.     In  P-type  material,  holes  are  the  majority  carriers. 
Applied  energy  generates  electron  hole  pairs.     The  holes  add  to  the  majority  carriers 
and  the  electrons  become  the  minority  carriers.     The  number  of  minority  carriers  in  both 
the  N-  and  P-type  materials  is  small  when  compared  to  the  number  of  majority  current 
carriers.     As  you  recall  from  a  previous  discussion,  this  creation  of  an  electron  and  a 
hole  (electron-hole  pair  generation)  is  due  to  the  amount  of  energy  applied  to  the 

•rystal.     Therefore,   the  greater  the  amount  of  energy,  the  greater  the  number  of 
inority  and  majority  carriers.     This  energy  is  generally  in  the  form  of  heat. 
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Current  Flow  in  N-Type  Material 


Current  flow  in  N-type  material  is  illustrated  in  Figure  29.     Conduction  in  this 
type  of  semiconductor  is  due  to  electron  flow.     The  application  of  voltage  across  the 
material  will  cause  the  electrons  to  move  through  the  crystal  as  shown-     The  positive 
potential  will  attract  free  electrons  which  leave  the  crystal  and  flow  into  the  positive 
terminal  of  the  battery.     As  an  electron  leaves  the  crystal,  an  electron  from  the  ^ 
negative  terminal  of  the  battery  will  enter  the  crystal,  thus  completing  the  current  ^ 
path.     The  majority  current  carriers  in  the  N-type  material  are  electrons.     They  are 
ropelled  by  the  negative  side  of  the  battery  and  move  through  the  crystal  toward  the 
positive  terminal- 


Current  Flow  in  P-Type  Material 


Current  flow  through  P-type  material  is  illustrated  in  Figure  30.     Conduction  in 
this  material  is  by  hole  flow.     The  holes  move  from  the  positive  terminal  to  the 
negative  terminal  of  the  P-type  material.     Electrons  from  the  external  circuit  enter  the 
negative  terminal  and  fill  holes  in  the  vicinity  of  the  terminal.     At  the  positive 
tenninal ,  electrons  are  removed  from  the  covalent  bonds,  thus  creating  new  holes.  This 
process  continues  as  the  steady  stream  of  holes  (hole  current)  moves  toward  the  negative 
terminal . 

In  both  N-type  and  P-type  materials,  current  flow  in  the  external  circuit  consists 
of  electrons  moving  out  of  the  negative  terminal  of  the  battery  and  Into  the  positive 
terminal  of  the  biittery. 


1  + 


Figure  29.  Current 
Flow  in  N-Type 
Ma  t  e  r  I  a  1 


tlF«'THON  now 


Figure  30.  Current 
Flow  in  P-Type 
Material 


1.     Explain  how  majority  and  minority  carriers  are  produced. 


2.     What  are  the  majority  carriers  in  N-type  material? 


3.     What  are  the  majority  carriers  in  P-type  material? 


4.     What  is  the  direction  of  travel  of  the  majority  carriers  In  N-type  material? 


5.     What  is  the  direction  of  travel  of  the  majority  carriers  in  P-type  material? 


34 

542 


Read  the  following  paragraphs  answer  the  following  questions. 


^Tunction  Transistor 

The  transistor  is  another  electronic  device  that  makes  use  of  the  flow  of  current 
carriers  through  a  semiconductor  the  junction  transistor  has  three  elements  and  two  P-N 
junctious.     The  three  elements  are:     (1)     the  emitter,  which  gives  off  or  ''emit"  current 
carriers;     (2)    the  base  which  controls  the  flow  of  the  current  carriers;  and     (3)  the 
collector,  which  collects  the  current  carriers.     A  metal  lead  or  contact  is  attached  to 
each  element  or  section,  to  allow  the  transistor  to  be  connected  to  external  circuitry. 

Transistors  have  two  P-N  Junctions.     One  P-N  Junction  is  between  the  cmraitter  and 
the  base;  the  other  P-N  junction  is  between  the  collector  and  the  base.     Current  flow 
thru  a  Junction  transistor  is  illustrated  in  Figure  35. 


Figure  35 

^  The  transistor  in  Figure  35  contains  a  diode.  Since  current  flows  against  the 
arrow  it  is  easy  to  trace  the  flow  thru  this  circuit. 

1.     What  does  a  transistor  make  use  of?   


2.     Name  the  three  elements  of  a  transistor. 


3.     How  many  P-N  Junctions  does  a  transistor  have? 
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Read  the  following  paragraphs  and  answer  the  following  questions. 


NPN  and  PNP  Transistors 

Transistors  are  classed  as  PNP  or  NPN  according  to  the  arrangement  of  the  N  and  P 
materials.     A  NPN  transistor  Is  formed  by  Introducing  a  thin  region  of  P-type  material 
between  two  regions  of  N-type  material  In  a  single  crystal  of  germanium  or  silicon.     By  i 
Introducing  a  thin  region  of  N-type  material  between  two  regions  of  P-type  material  a 
PNP  transistor  is  formed.     Current  flow  thru  a  PNP  and  NPN  transistor  is  illustrated  in 
Figure  36  and  Figure  37. 


+ 


Figure  36.     Current  Flow  Thru  a  PNP  Transistor 

 ^> 


Figure  37.     Current  Flow  Thru  a  NPN  Transistor 


1.     How  are  transistors  classified. 


2.     Name  two  types  of  transistors. 
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3*     What  material  is  the  single  crystal  made  of. 

I 


4.     This  single  crystal  of  material  would  be  known  as  a  _   

Read  the  following  paragraphs  answer  the  following  questions. 


Function  of  Bridge  Circuit 

The  function  of  a  bridge  circuit  is  to  sense  a  change  in  the  controlled  variable, 
make  a  motor  (S-90)  operate,  change  the  position  of  a  valve  or  damper.     This  regulates  a 
control  agent,  which  will  change  the  controlled  variable. 

Previously  this  was  done  pneumatically  and  electrically.     Whether  we  like  it  or  not 
electronics  is  the  "thing**  of  the  future.     Some  of  the  advantages  to  electronics  when 
compared  to  other  methods  of  controlling  a  variable  are: 

"    Long  Life 

-  Reliability 

S  pe  ed  of  Re  spo  nse 
"    Smaller  Size 
Ruggedness 
Less  Heat  Generated 

-  Reduced  Cost  of  Operation 

I         The  term  **solid  state**  is  applied  to  semiconducting  devices  because  they  are 
'*solid'*.     They  are  made  of  crystalline  substances,  so  they  do  not  contain  filaments, 
glass  enclosures  or  rare  gases,  as  tubes  DO. 

We  first  discuss  the  bridge  rectifier  since  its  supplies  the  source  of  power  for 
the  bridge  circuit. 

I.     What  is  the  function  of  the  bridge  circuit? 


2.     What  are  four  advanages  of  electronics  compared  to  previous  loops? 
a . 


b. 


c . 


d. 


3.     Define  solid  state. 
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Read  the  following  paragraphs  and  answer  the  following  questions. 


Operation  of  a  Bridge  Rectifier 

A  special  source  of  power  is  needed  for  a  electronic  bridge  circuit  the  purpose  of 
a  bridge  rectifier  is  to  supply  full  wave  DC  current  to  a  bridge  circuit.     Figure  38 
illustrates  a  bridge  rectifier.     The  operation  of  the  bridge  rectifier,  uses  four  P-N 
junction  diodes  wired  as  in  Figure  38.     Current  can  flow  only  in  one  direction  thru  a 
di  ode . 


Remember : 

AC  riows  in  two  directions. 

DC  flows  in  only  one  direction. 

Figure  39  and  Figurr  40  shows  the  flow  of  current  thru  the  circuit  for  each 
alternation  of  the  AC  cycle  with  60  cycle  current,  this  change  in  direction  of  current 
will  change  eaoh  l/120th  of  a  second.     Remember  current  flows  from  -  (neg)  to  +  (pos). 


Figure  38 


i 


AC  in 


1st  Alternation 
NOTE:     Current  flows  through 
circuit  A. 


Figure  39 


Note  the  Poles 
have  changed 


PC  out 

2nd  Alternation 

NOTE:     Curr<^nt  now  flows 


through  circuit  B. 


Figure  40 


40 


ERIC 


The  bridge  rectifier  has  changed  AC  to  full  wave  DC. 
What  Is  the  purpose  of  a  bridge  rectifier? 


2.     How  many  rectifiers  does  the  bridge  rectifier  use  for  each  alternation  of  AC 


3.     Could  one  diode  be  used  to  change  AC  to  full  wave  DC?  Why? 

Read  the  following  paragraphs  and  answer  the  following  questions. 

Operation  of  Bridge  Circuits 

When  two  resistors  of  the  same  value  are  wired  in  parallel  and  voltage  is  applied, 
no  current  will  flow  between  the  two  resistors.     This  is  illustrated  in  Figure  41. 


The  brain  of  most  electronic  control  loops  is  the  bridge  circuit •     It  is  made  up  of 
one  sensing  element  (T~l)  that  changes  its  resistance  with  a  change  in  variable.  It 
will  also  consist  of  three  resistors  (Rl,  R2,  R4)  of  fixed  resistance.     See  Figure  42. 


current? 


Meter  indicates  no  curent  flow 
across  the  bridge. 


Figure  41 
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1000 


Sensing  Element  resistance 

 changes  with  a  change 

+       In  Variable 


I 


no  current  will 
now  Between 
c  i.nd  c 


1000-^ 


1000 


Figure  42 


1.  The  "brain  of"  an  electronic  control  .loop  is  the  . 

2.  The  bridge  circuit  consists  of  sensing  element  that  will  change  its 
with  a  change  in  variable. 

3.  Is  current  flowing  between  points  C  and  D  in  Figure  42?  Explain* 

Read  the  following  paragraphs  and  refer  to  Figure  43  to  answer  following  question 
Ope  ration 

With  a  change  in  temp  around  the  sensing  element  (T-1)  a  change  in  resistance  and 
voltage  will  take  place  between  points  C  and  D  refer  to  Figure  43  For  each  degree  of 
temp  change  resistance  changes  2.2  OHMS,  voltages  changes  .0085  volts. 


T-l 


Figure  43 
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1.  Using  Figure  ^-^  schematically  connect  a  modified  Honeywell  Wheatstone  Bridge. 
Indicate  with  arrows  the  direction  of  current  flow 


ir  vour 


Figure  44 


2.  In  your  own  words  briefly  explain  how  a  modified  Honeywell  Wheatstone  Bridge 
f  unct  Ions . 


Read  the  following  paragraphs  and  answer  tne  following  questions. 
Sensing  Elements 

To  be  able  to  sense  these  changes  in  variable  special  types  of  sensing  elements 
will  have  to  be  used  in  the  electronic  bridge  circuit.     These  sensing  elements  will  act 
like  a  variable  resistor,  by  changing  resistance  with  a  change  in  variable  two  of  the 
sensing  elements  for  sensing  temp  and  humidity  are  discussed. 

The  sensing  element  of  an  electronic  thermostat  is  a  coil  of  balco  wire  wound  on  a 
bobbin,  see  Figure  45.     Resistance  thru  this  wire,  changes  directly  with  a  temp  change. 


Sensing  Element  (Balco  Wire) 
Figure  45 


The  sensing  element  of  electronic  humidistat  is  a  gold  leaf  grid  erabosseJ  on  a 
plastic  base  and  covered  with  a  special  salt*     Resistance  thru  this  grid  char^ges 
inversely  with  a  humidity  change.     See  Figure  46. 
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Sensing  Element  (Gold  Leaf  Grid) 
Fi  gure  46 


Like  a  Pneumatic  Control  System  the  electronic  control  loop,  must  have  a  specific 
value  (voltage,  resistance,  amperage)  at  a  certain  variable.     When  using  balco  wire  the 
resistance  is  1000  OHMS  at  74'F.     Resistance  changes  2.2  OHMS,  voltages  changes  .0085 
volts  per  degree.     If  these  specific  values  vary,  inaccurate  control  of  the  variable 
( t  empera  t  ure )  wi 1 1  res  u 1 1 . 

I.     Sensing  elements,  sense  a  change  in  variable  and  change 


2.     What  type  of  sensing  element  is  used  to  sense  temp? 


3.     What  type  of  sensing  element  is  used  to  sense  huraldit:^? 


4.     When  using  balco  wire  how  much  does  the  resistance  chun^i^  for  each  I'F  temperature 
change? 


Air  conditioning  controx  circuits  use  a  variation  of  the  bridge  circuit,  to  control 
teraperat  ire  and  humidity  in  the  conditioned  space.     The  whole  electronic  control  syj^lem 
now  becuaes  quite  complex  by  adding  different  circuits.     The  metor  would  be  replaced  by 
an  amplifier  circuit,  which  would  bo  electrically  connected  to  a  discriminator,  a  motor, 
and  a  control  device.     Each  of  these  "sections"  of  a  electronic  control  loop  all  work 
together  to  control  the  final  product  "variable".     Figure  47  illustrates  the  whole 
electronic  control  system.     Each  of  the  sections  will  be  disc\is3ed  at  a  later  section. 

Read  the  paragraphs  that  follow,  answer  the  questions,  and  be  prepared  to  discuss 
the  infornaation  tomorrow  in  class. 

This  section  deals  with  the  application  of  electronic  components  as  to  electronic 
controls.     Five  components  will  be  c  revered  and  you  *yill  be  responsible  to  discuss  them 
tomorrow  in  class.     Covered  in  this  section  will  be  diodes,  PNP  transistors,  NPN 
transistors,  capacitors,  and  inductors. 

The  impedance  (opposition  to  the  flow  of  current)  in  an  AC  circuit  may  be  partially 

made  up  of  reactors.     There  are  two  different  types  of  reactors  inductors  and 

capacitors-     They  do  not  dissipate  electric  energy  in  the  form  of  heat  as  do  resistors, 
but  store  energy  and  then  deliver  this  energy  back  to  the  circuit.     AC  circuits  may 
consist  of  various  combinations  of  resistors  and  reactors. 
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Variable 


Changes" 
Temp  or  Press. 


Bridge  Circuit 
Senses  a  change 
in  variable, 
sends  out  a 
signal 


Amplifier 
Circuit 
Takes  a  small 
signal  makes 
it  large 


Discriminator 
Circuit  -  Senses  a 
change  in  signal 
tells  motor  which 
direction  to  turn 


Motor 

Opens  or  closes 
valve  or  damper 


Control  Device 
Controls  the 
control  agent 
that  controls 
the  variable 


Full  Wave  Power 
Supply 


Line  Voltage 


Figure  47 

Operation  of  an  Electronic  Control  Loo; 
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1.     Pefine  circuit  impedance. 


2.     How  are  resistors  and  reactors  different? 


3.     How  are  resistors  and  reactors  the  same? 


4.     List  the  types  of  rnactors. 


Inductor  -  An  inductor  is  an  electronic  component  consistirg  of  a  number  of  turns 
of  wire  around  a  core.     The  core  may  be  hollow  or  metal  (soft  iron).     Inductance  is 
defined    as  that  property  of  a  circuit  which  opposes  any  change  in  the  rate  of  current 
flow.     Some  electronic  equlpipont  requires  a  source  of  direct  current  as  well  as 
alternating  current.     Fhevj  the  hvallahii^  power  j=^oarce  is  alternating  current,  some  of 
the  alternating  current  rni-st  he  ehan^^ed  to  direct  current.     In  the  process  of  convertln|^ 
from  alternating  current  to  direct  current,   it  is  r.ecessary  to  rectify  the  alternating 
current,  resulting  in  pulses  of  DC  current.     These  y.uTses  must  be  smoothed  out  to  obtain 
a  constant  value     of  direc^,  current.     Since  an  inrJuctor  stores  energy  when  the  current 
flowing  through  it  is  incrcaf-ing,  and  returns  the  criortry  to  the  circuit  when  the  current 
is  decreasing,   It  is  used  in  Ki^ioothing  *n\t  the«e  p-.iises.     Inductors  used  for  this 
purpose  are  called  filte*   choket    Mi'cf   they  s-mooth  oil:  or  choke  out  the  variations  in 
current. 

1.     Physically  describe  an  inductor,   


2.     Define  inductance. 
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3.     Discuss  the  value  of  an  inductor  in  a  DC  circuit. 

»   


4.     What  is  an  inductor  called  when  it  is  used  in  a  DC  circuit? 


The  second  type  of  reactor  is  the  capacitor.     The  capacity  for  storing  energy  in  an 
electric  field  is  commonly  called  capacitance-     When  an  alternating  voltage  is  applied 
across  a  capacitor,   the  capacitor  charges  in  one  direction,  discharges,  and  charges  Iq 
the  other  direction,  as  the  polarity  ol  the  alternating  voltage  changes.     Even  though 
electrons  do  not  actually  pass  through  the  capacitor,  there  is  a  continuous  flow  of 
alternating  current  when  a  capacitor  13  cCmaected  In  an  alternating-current  circuit-  It 
can  be  said  that  a  capacitor  blocks  the  flow  of  direct  current  and  is  a  conductor  for 
alternating  current-     The  electrolyte  capacitor  is  used  in  DC  filter  circuits  to  help 
smooth  out  DC  ripples  or  pulses.     This  type  of  capacitor  has  a  large  amount  of 
capacitance  for  a  relitively  small  size.     These  capacitors  viannot  be  used  as  conductors 
for  AC  since  one  side  of  the  capacitor  must  always  remain  positive  in  respect  to  the 
other.     Otherwise  the  capacitor  will  be  destroyed.     Just  as  an  Inductor  maintains  a 
c^>r!Etant  rate  of  current  flow  in  a  DC  circuit,  capacitors  will  maintain  a  constant 
vc) tage. 


1.     Define  Capacitance. 


2.  AC  can  pass  through  a  capacitor,  but  IX:  cannot.     True    False  (Circle  one) 

3.  What  type  capacitor  is  iised  in  DC  circuits? 


4.     State  the  purpose  of  a  capacitor  in  a  DC  circuit. 


Diode  -  As  you  recall,   the  PN  junction  is  used  as  a  solid  state  diode  (rectifier). 
It  changes,  or  rectifies  AC  to  pulsating  DC.     It  is  installed  between  an  AC  source  of 
power,  usually  a  transformer,  and  the  DC  load  in  an  electronic  circuit.     The  DC  output 
from  the  diode  is  constantly  changing  in  amplitude,  being  in  the  form  of  pulses. 

What  is  the  application  of  a  cuode  in  an  electronic  circuit?   
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Transistors  -  The  PNP  transistors,  and  the  NPN  transistors  are  current,  voltag^f,  or  ' 
power  amplifying  devices.     They  are  used  in  air  conditioning  electronic  control  circuits 
to  amplify  small  voltage  signals  originating  from  a  sensed  change  in  temperature  or 
humidity.    Another  application  of  the  transistor  is  to  detect  if  the  voltage  signal 
coming  from  the  amplifier  transistor  is  in  or  out  of  phase  with  the  originating  voltage, 
and  by  detecting  the  phase,   rotate  a  series  90  electronic  motor.     The  series  90  motor 
will  regulate  thxj  flow  of  a  control  agent  to  bring  the  temperature  or  humidity  back  ^ 
within  desired  limits. 

1.     In  general,  how  are  PNP  and  NPN  transistors  used  in  electronics?   


2.     What  are  the  applications  of  transistors  in  the  ele^'tronic  phase  detector  control 
circuit? 


STOP!     You  have  completed  the  assignment  to  be  completed  prior  to  day  44. 


Start  here  for  the  directed  study  assignment  to  be  completed  prior  to  day  45. 


Read  the  following  paragraphs  and  answer  the  following  questions. 

Purpose  of  Amplifiers 

The  purpose  of  amplifier  is  to  make  larger  the  signal  that  originates  in  the 
bridge.     This  signal  that  originates  in  the  bridge  is  very  small,  and  must  h-j  "boosted'^^P 
up  to  a  signal  of  sufficient  strength  to  be  able  to  be  used. 

Principles  of  Operation 

When  trying  to  learn  the  principle  of  operation  of  a  transistor  several  principles 
must  be  considered.     First:     A  change  of  resistance  will  cause  a  change  In  voltage 
Second:     Amplification  depends  on  the  chantje  In  the  transistors  resistance  caused  by  an 
input  signal. 


-0  « 


-o  P 


DC  Source  Voltage 
*  'gure  48 
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Figure  48  shows  a  voltage  divider  consisting  of  fixed  resistor  R-1  and  variable 

Kesistor  U-2  connected  across  a  DC  voltage  source.     The  voltage  at  point  A  with  respect 
o  ground  is  determined  by  the  size  of  the  resistors  and  the  applied  voltage. 
Decreafing  the  resistance  of  R-2  causes  the  voltage  at  point  A  to  decrease.  Increasing 
the  resistance  causes  the  voltage  at  point  A  to  increase.     The  resistance  of 
provides  a  control  of  the  voltage  at  point  A. 


R-2 


Figure  49 

Figure  49  shows  how  a  transistor  then  acts  like  a  variable  resistor.     If  base 
current  is  small  the  resistance  of  ql  would  be  large,   and    the  voltage  at  polrv^  A  would 
be  almost  equal  to  the  applied  voltage.     If  base  current  is  a  large  value,   the  resis- 
tance of  ql  would  be  small,   and  the  voltage  at  point  A  would  be  almost  equal  to  zero 
volts.     The  results  is  that  a  change  in  base  current  controls  the  voltage  at  point  A. 


Figure  50 

Figure  50  shows  current  flows  thru  a  NPN  transistor  current  always  flows  against 
the  arrow  of  the  P*N  junction  diode.  It  also  flows  from  the  emitter  to  the  collector 
of  the  transistor.     The  base  controls  the  flow  of  current  carriers. 

1.     What  is  the  purpose  of  an  amplifier?  


2.     Will  a  change  in  resistance  change  voltage?    Explain  your  answer. 

\  
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Electronic  Control  Circuits 


The  previous  section  discussed  the  application  of  electronic  components  in  an  air 
conditioning  electronic  control  circuit.     Electronic  controls  are  gradually  replacing 
some  of  the  mechanical  electric  controls  that  are  used  to  control  the  temperature  or 
humidity  in  a  conditioned  space.    This  section  will  concern  itself  with  a  typical 
electronic  control  circuit  called  a  phase  detector  circuit,  see  Figure  51.     This  circuit 
is  composed  of  four  main  parts  ....   the  bridge  circuit,  which  contains  a  solid  state  M 
thermostat  or  humidistat,   senses  a  change  in  variable  away  from  set  point  and  sends  a  ^ 
small  corresponding  voltage  signal  to  the  amplifier  circuit.     The  amplifier  circuit 
receives  the  small  voltage  signal  sent  from  the  bridge  circuit,  and  relays  a  larger 
voltage  signal  to  the  discriminator  circuit  which  includes  two  transistors.  These 
transistors  depending  on  whether  the  voltage  signal  received  from  the  amplifier  is  in  or 
out  of  phase  with  the  originating  voltage,  will  determine  the  rotation  of  an  electronic 
series  90  motorized  valve,  or  damper  assembly. 


Schematic  of  Bridge,  Amplifier  and 
Discriminator  (Phase  Detector)  Circuit 

Figure  51 


For  the  sake  of  simplicity,  ma^y  of  the  resistors  and  condensers  are  not  shown  in 
these  diagrams. 

The  conditions  when  the  discriminator  transistors  will  conduct  are: 

—  When  collector  is  positive. 

When  signal  on  base  is  positive.     This  is,  on  the  positive  alternation. 

1.     i'Ast  the  four  parts  of  the  phase  detector  circuit,  and  state  the  operating 
principle  of  each  part. 
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2.     What  is  the  purpose  of  electronic  controls? 


3.     Electronic  controls  are  used  to  control    and 

in  a  conditioned  space. 


Read  the  following  paragraphs  and  answer  the  following  questions. 

Operating  Principle  of  Modulating  Electronic  Control  Loops 

A  modulating  electronic  control  loop  will  give  like  a  proportional  control  loop, 
very  precise  control  of  the  variable.    The  complete  modulating  circuit  is  shown  in 
Figure  52.     The  circuit  as  previously  discussed  consists  of  a  bridge,  amplifier, 
discriminator,   and  motor  circuit. 

Operation  -  the  resistance  of  T-1   (Balco  Wire)  decreases  on  a  temperature  fall, 
increases  on  a  temperature  rise.     This  rise  or  fall  in  variable,  will  cause  an  in  or 
out  phase  to  originate  in  the  bridge  circuit-     This  small  signal  will  now  be  sent  to 
the  amplifier  circuit,  which  builds  up  this  small  sigual  and  makes  it  large-  The 
.amplifier  will  have  two  stages  of  amplification.     Notice  at  the  first  stage  of 
Ikmplif icatf on  the  signal  is  180*  out  of  phase  with  the  signal  that  originates  in  the 
bridge.     Depending  on  the  phase  (which  depends  if  the  temp  raised  or  lowered),  will 
cause  transistor  T-1  or  T-2  to  allow  current  flow  to  C-1  or  C-2.     The  coils  will  caus^ 
the  motor  to  be  energized  and  run  depending  on  which  coil  is  engerized  and  will 
determine  the  direction  of  rotation  of  motor.     Since  this  is  now  a  modulating 
electronic  contx^ol  loop,  small  changes  In  variable,  will  csvuse  small  changes  in  the 
position  of  the  jnotor  shaft.     Ti     operation  of  a  electronic  control  loop  is  very 
similar  to  a  series  90  electric  control  loop. 

1.     The  resistance-Of  the  balco  wire  (T-1)  on  a  temp  fall,  and 

  on  a  temp  rise. 


2.  A  rise  or  fall  In  temp  will  cause  a    phase  or    phase 

signal  to  originate  in  the  bridge. 

3.  Why  does  the  amplifier  have  two  stages  of  amplification. 


4.     What  will  cause  the  motor  to  run  clockwise  or  counter  clockwise? 
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Read  the  following  paragraphs. 

^roublesJia^ting  of  an  Electronic  Control  Loop 

ThJ        .!tronic  control  loop  rorks  of  elect ronic&l  energy,  just  as  an  electric 
coatro:  ^-yoi  does.    Most  of  the  trouble  associated  with  the  seric??  90  electric  control 
loop  vV;  *  ^iQO  apply  to  the  electronic  control  loop. 

No  Power  -  Check  source  of  power. 

Opens  -  Ohmmeter  would  indicate  infinity. 

Shorts  "  Ohmmeter  would  indicate  zero  resistance. 

Low  Power  -  Dirty,  loose,  or  corroded  connections.     Meter  would  indicate  low 
voltage. 

Replacing  Electronic  Controls 

Many  of  the  electronic  controls,  used  out  in  the  field,  are  too  complex,  and 
intricate  to  be  field  repairable.     Listed  below  is  a  general  procedure  for  the 
replacement  of  electronic  controls. 

1.  Determine  the  electronic  control  is  defective.     Remember  it  should  have  a 
very  specific  value  (resistance)  at  a  certain  variable. 

2.  If  it  has  been  determined  the  electronic  control  is  defective  remove  all 
power  from  electronic  control  circuit. 

3.  Replace  the  electronic  control  with  an  identical  controller.     The  electronic 
controller  must  be  replaced,  with  an  exact  replacement  since  changes  in  resistance  and 
voltages  are  so  small. 

^        4.    Calibrate  controller  only  if  necessary. 
5.    Check  for  proper  system  operation. 
Circuit  aD'?ly{4is 

Electronic  controls  oper,       ^'    i  a  precise  change  of  resistance  and  voltage. 
With  an  exact  variable  change       '   /  values  must  be  exact,  to  make  the  electronic 
system  operate  correctly. 

Check  the  balco  wire,   it  must  have  a  resistance  of  1000  OHMS  at  74^F. 

Check  resistance  change  of  balco  wire.     It  must  increase  2.2  OHMs  for  each  IT 
temp  iacrease* 

Check  voltage  change  of  balco  wire.     It  must  change  .0085  volts  for  each  1*F  temp 
change. 

Gold  Lead  Grid  must  have  a  resistance  of  2000  OHMS  -  wet  95%  RH  3  mlllon  OHMS  -  Dry 
10%  RH. 

Adjustment  Procedures 

Adjusting  an  electronic  control  circuit,  could  become  an  important  part  of  your 
Job.     The  following  steps  are  listed. 

Determine  around  controller  temperature. 

Turn  set  point  dial  to  ter^perature  determined  in  step  number  one. 
Check  meter. 

If  current  flows  adjust  control  point  adjuster,  until  meter  zeros. 
Current  will  now  flow  with  a  change  in  tt-mperaturo,  and  not  flow  at  set 
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AIR  COMPRESSOR  EQUIPMENT 


PART  1 


OBJECTIVE 

Given  the  information^  state  the  types,  purpor-e  and  operating  principle  of  air 
compressing  equipment  used  to  support  Air  Conditioning  Systems.     80%  accuracy  must  be 
attained. 

PROCEDURE 

Using  notes  and  material  given,  answer  the  following  questions: 
1 •       State  the  types  of  air  compressing  equipment  used  to  support  Air  Conditioning 

Systems.  .  .    .     _  .  _    _  ,  


2.      What  purpose  does  the  air  compressing  equipment  serve  in  a  Pneumatic  Control 
System? 


3.      What  purpose  does  the  safety  relief  valve  serve  in  t;c  Air  Compressing  Assembly? 


4.      What  purpose  does  the  air  compressor  serve  in  the  Air  Compressinq  Assembly? 


5.  What  purpose  does  the  high  pressure  motor  control  serve  in  the  Air  Compresrinq 
Assembly?  

6.  VJhat  purpose  does  the  pressure  reducing  valve  serve  in  the  Air  Compressor  Assembly? 


7.      At  what  component  does  air  first  enter  the  system? 
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8.      What  component  changes  ambient  air  pressure  to  high  pressure  air? 


9. 


What  component  deterniines  the  pressure  in  the  air  storage  tank? 


10.     State  the  operating  principles  of  air  compressing  equipment. 


PART  2 


OBJECTIVE 

Given  a  disordered  list  of  steps  necessary  for  the  installation,  replacement  of 
defective  parts,  checking  equipment  operation,  operator  service,  and  maintenance  r.^r- 
compressing  equipment,  select  the  appropriate  steps  for  each  activity  and  place  them  .:n 
logical  sequence.     List  must  be  completed  with  90%  accuracy. 

PROCEDURE 

Select  appropriate  steps  and  place  them  in  logical  order.     Each  step  inay  be  used 
only  once. 

I.  Installation 

1. 

2. 

3. 

4. 

II.     Replacement  of  defective  parts 


1. 


3. 


III.  Checking  equipment  operation 


1. 


3. 
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1 . 

2. 
3. 


<='tor  service  and  r  :?  itenance 


a  -  Tanks  drained  each  day 

b  -  Check  for  abnormal  noises 

c  -  Remove  ail  jewelry 

d  -  Select  a  location  free  from  excessive  dust  and  moisture  with  ample  light 
and  space  for  servicing 

e  -  Observe  compressor  for  correct  direction  of  rotation 

f  -  Air  filter  cleaned  each  30  days 

g  -  Disconnect  power  to  unit 

h  -  Check  for  leaks  and  overheating 

i  -  Replace  defective  part  with  replacement  part 

i  -  Select  a  compressor  of  proper  size  and  coii.'  truction 

k  -  Check  compressor  for  security  of  mounting,  and  valves  for  proper 
operation 

1  -  Oil  changed  each  500  operating  hours 

n  -  Mount  level  with  a  substantial  jase,   12-18  inches  from  wall 
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PNEUMATIC  CONTROLS 
PART  1 

OBJECTIVES 

Given  the  information,  explain  the  purpose,  use,  and  operating  principle  of 
pneumatic  controls  with  80%  accuracy. 

PROCEDURE 

Using  notes  and  material  given,  answer  the  following  Ques*:ions: 
1.      What  component  det-^rlnines  the  pressure  in  the  supply  line? 


2.      What  determines  the  pressure  in  the  control  line? 


What  are  three  control  agents?     1.  »  2.   

3.    • 

What  term  means  the  difference  between  set  point  a:id  control  point? 


5.       What  is  throttling  range? 


6.      What  is  spring  range? 


7.      What  is  sensitivity? 


8.     What  is  the  action  ot  a  controller  that  decreases  control  pressure  on  a  drop  in 
measurable  variable?  


9.     What  is  the  action  of  a  controller  that  decreases  control  pressure  on  a  rise  in 
measurable  variable?    


10.     What  is  two-position  response? 


11.    What  is  the  range  of  control  pre^'sure  for  a  proportional  response?  controller? 


12.     Name  three  types  of  pneumatic  controls  used  in  air  conditioning. 


b. 


c . 


13^     W^c:t  is  the  purpose  of  pneumatic  controls? 


14.     What  is  the  use  of  pneumatic  controls? 


15.     What  type  sensing  element  is  found  on  the  T-4002  thermostat? 


EKLC 


2-2 


16.     What  causes  the  sensing  element  on  the  T-4002  to  open  or  '-l^se  the  leakport  to 
change  the  control  pressure?   


17.     What  is  required  to  close  a  normally  open  pneumatic  valve? 


18,     What  would  occur  if  you  lost  supply  pressure  to  a  controller? 


19,     What  component  determines  the  pressure  in  supply  line? 


20.     What  component  determines  the  pte'i?i3ure  in  control  line? 
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PART  2 


OBJECTIVE 

Working  as  a  member  of      team,   and  using  refrigeration  controls  trainer,  calibrate 
the  pneumatic  thermostat  to  maintain  a  temperature  specified  by  the  instructor  ±  4"   f • 

PROCEDURE 

Calibrate  controller  to  maintain  terTijL  specified  by  instructor 


-  CAUTION  -  remove  all   jewelry,   observe  all  safety  precautions 

1.     Connect  flexible  air  line  located  in  trainer  to  air  supply  located  on  wall  behin-^ 
t  raine  r. 

2>     Turn  on  air  valve  located  on  wall* 

3.     Usin9  a  T-4002  thermostat,   and  a  refrigeration  controls  trainer,    connect  lines  as 
shown  in  Fig.  1. 


r'igure  1 

4.  .'ipply  20  psi  supply  air  to  T-4002  thermostat. 

Is  the  thermostat  direct  or  reverse  acting?  

5.  Determine  ambient  temp.  • 

6»     Set  set  point  dial  to  ambient  temp. 

7.  Adjust  calibration  screw  to  mid  sprint^   range  of  controlled  device  which  will  be 
specified  by  the  instructor. 

8.  Turn  dial  to  desired  temperature. 

9.  turn  on  fan,   heaters,   and  conditioner,   observe  response  of  controller. 
10.     Have  instructor  check  your  work. 


CALIBRATION  PROCED'  RES 
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OBJECTIVE 

WorKinq        a  team  raeraber,  and  using  a  refrAgc^i  v^fi  v-vnt/iois  trainer,   locate  two  ol 

three  instructor  induced  malfunctions.     MaintaiiT).  t.:  iDrf-'^-fJ.  ic  equipment  by  repairing 
the  raalf uncfions  with  instructor  assistance. 

PROCEDURE 

Repair  the  instructor  induced  malf unction^j  witit^  in5t-u:^or  assistiencj?,  usincj 
service  charts  supplied. 

1.  Notify  the  instructor  when  you  have  located  each  mr.l  'inction . 

2.  Be  prepared  to  inform  the  instructor  of  the  corrective  action  required  to  repair 
the  malfunction. 


OBSERVATION 

TROUBLE  SUSPECTED 

REMEDY  PERFORMED 

#1 

#2 

#3 

SERVICE  CHART 


When  troubleshooting  exercise  is  completed: 

a.  shut  off  air  valve  located  on  wall  behind  trainer. 

b.  disconnect  flexible  air  hose  from  air  supply  line  located  on  wall. 

c.  disconnect  plastic  lines  fron^  thermostat,  put  thermostat  and  plastic  lines  in 
proper  plcice. 
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PART  4 

OBJECTIVE 

Given  the  information,  stat^  the  operating  principles  of  mechanical  air  dryers  with 
no  more  than  two  errors. 

1.      Where  does  the  mechanical  air  dryer  get  the  compressed  air  that  it  dries? 


2.      How  does  the  mechanical  air  ^jiryer  greatly  reduce  the  temperature  of  the  compressed 
air? 


3.      why  's  it  necessary  to  reduce  the  temperature  of  the  compressed  air? 


4.  Name  the  five  main  components  of  the  mechanical  air  dryer. 

a .  ^  

b.  

c.  

d.  

e .  

5.  What  is  the  purpose  of  each  of  tne  five  main  components?  _ 
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ELECTRICAL  CONTROLS 
PART  1 

OBJECTIVE 

Given  the  information,  explain  the  purpose,  use  and  operating  principle  ^  i: 
electrical  controls  with  80%  accuracy. 

PROCEDURE 

Using  notes  and  material  given,  answer  the  following  questions. 
1.     What  is  the  purpose  of  electrical  control.'*   


2.     What  is  the  use  of  electrical  controls? 


3.  The  series  40  control  circuit  is  supplied  with  ^   volts. 

4.  The  series  80  control  circuit  is  supplied  with  volts  and, 

therefore,  must  use  a  to  reduce  the  power  supply. 

5.  What  is  the  response  of  a  series  40/80  control  circuit?  


6.     When  the  series  40/80  motor  runs  and  the  shaft  rotates  a 
stops  the  motor  at  the  160*  position. 


7.     Does  the  series  40/80  motor  contain  two  limit  switches?   .  Explain, 
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8.  The  holds  the  shaft  in  the  160*  position, 

9.  When  is  the  brake  solenoid  energ.lzed?      .  


10.  The  returns  the  motor  shaft  to  the  0*  position. 

11.  The  series  90  control  circuit  is  supplied  with    volts, 

12.  Wh^..  is  the  response  of  a  series  90  control  circuit?  


13.  A  change  in  will  cause  the  circuit 

tc  become  unbalanced. 

14.  Wfidl  ate  the  three  electrical  circuits  in  the  series  -  90  control  loop? 

a.  

b.  

c .  ^  

Explain  the  functior^  of  each. 


15.     Does  current  flow  through  a  balanced  series  -  90  bridge?    Explain, 


16.     What  type  motor  is  used  in  the  series    -90  control  loop? 
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17.     What  controls  the  balancing  relay  in  the  series  -  90  control  loop? 


18*     Wha^  type  switching  action  does  the  series  90  balancing  relay  contain? 


19.     The  balancing  wiper  arm  in  the  balancing  potentiometer  is  directly  connected  to  the 


20.     If  the  signal  wiper  arm  in  the  series  90  controller  became  insulated  from  the 
resistor,  what  would  be  the  result? 
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PART  2 
CALIBRATION  PRCXTKDURES 

OBJECTIVE 

Working  a..  ber  of  a  tean-  and  using  a  Refrigeration  Controls  Trainer,  calibrate 

a  series  90  elect      al  control  lo      with  instruction  assistance. 

PROCEDURE 

Using  your  workbook  notes,  calibrate  a  series  90  motor 

CAUTION  -  Remove  all  jewelry,  observe  all  safety  precautions,  and  keep  hands  OFF 
hot  terminals. 

CAUTION  -  DON 'T  apply  power,  until  circuit  is  checked  by  instructor. 


i  Q> — 
W0 — 

COHrRMUi 


 ®i 


10^ 
10-  — 


MMff ft  MTOft 


Figure  2.     Control  Circuit 

K     Connect  wires  as  indicated  in  Figure  2.  (have  instructor  check  your  wiring  before 
continuing  on  to  the  next  step.) 

2.  Apply  set  point  pressure  (1C  psi)  to  controller  (don't  change  this  pressure) 

3.  Center  signal  wiper  arm  located  in  controller  visually. 

4.  Center  signal  wiper  arm  using  ohmmeter  (isolar.e  the  controller) 

5.  When  the  circuit  has  been  checked  by  instructor,  connect  a  source  of  power. 

6.  Decrease  the  pressute  at  controller. 

7.  Viewing  the  ftiotor  from  the  power  end,  does  the-  motor  shaft  rotate  clockwise  or 
counter  clockwise. 
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PART  3 


OBJECTIVE 

workinq  as  a  member  of  a  team  and  usinq  a  Rofriqerai  ion  C.^ntrolr.  Tr.iinor,  ir.ol.-.tr 
tk-o  instructor  induced  electrical  controls  malfuncti  ns  wiLli  two  i.,t:t  i  ucLol  c4:.^i«i. 


PROCEDURE 

Usinq  service  analysis  chart,  and  Refrigeration  Controls  Trainer,  isolate  two 
instructor  induced  electrical  malfunctions.     List  your  observations,  trouble,  and 
remedies  on  the  blank  chart  provided. 

CAUTION  -  Remove  all  jewelry,  observe  all  safety  precautions 


«1 


#2 


OBSERVATION 

TROUBLE  SUSPECTED 

REMEDY  PERFORMED 

SERVICE  ANALYSIS  CHART 
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PART  4 

OBJECTIVE 

Given  a  disordered  list  of  steps  for  replacing  electrical  controls,  place  them  in  a 
logical  ordej  with  70%  accuracy* 

PROCEDURE 

Place  listed  steps  in  logical  order.     Each  step  will  be  used  only  once. 

Steps  for  Replacing  an  Electrical  Control 

K  

2.  

3.  

4.   

5.   

6.  

7. 


a.  Check  for  looser  frayed r  or  corroded  connections. 

b.  Check  for  proper  operation. 

c.  Apply  power. 

d.  Remove  all  jewelry r  observe  all  safety  precautions. 

e.  Calibrate  if  necessary. 

f.  Remove  all  power  from  circuit. 

g.  Replace  electric  control. 
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ELECTRONIC  CONTROLS 
PART  1 


OBJECTIVE 

Given  five  basic  electronic  diagrams,  draw  lines  to  indicate  current  flow  through 
the  circuits.     Three  of  the  five  circuits  must  be  correct. 

PROCEDURE 

Respond  to  the  following  statements/questions  by  drawing  lines  and/or  arrows  to 
show  the  current  path  and  direction  of  current  flow.    Answer  the  questions  in  the  space 
provided. 

1.    On  Figures  3  and  4  below,  draw  arrows  to  indicate  current  flow  through  the 
circuits • 


/HOLB 


ELtCTROKS 

— 
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ELECTRON  FLOW 


Figure  3 


Figure  4 


2.     Draw  lines  on  Figure  5  to  indicate  current  flow  thru  circuit.     Draw  arrows  to  show 
direction  of  current  flow. 


Figure  5 
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3.     Indicate  how  the  devices  in  Figures  6  and  7  are  biased  by  filling  in  the  blanks 
below.    Draw  lines  to  indicate  current  flow. 


DEPUTtON  REGION 


BIAS 


Figure  6 
DEPLETION  IIE6I0N 


BIAS 


Figure  7 


4.     Using  the  Junction  Transistor  in  Figure  8,  indicate  current  flow  thru  the  circuit 
using  arrows. 


PART  2 


OBJECTIVE • 

Given  a  schematic  of  a  Bridge  Circuit,  describe  its  function  and  draw  lines  to 
indicate  flow  through  the  device  for  one  cycle.     Two  errors  permitted. 

PROCEDURE 

Draw  arrows  to  indicate  current  flow  thru  the  bridge  circuit  in  Figure  9,  also  list 
its  function  in  the  space  provided. 


R>  c 


1000  otnhs 


AMP« 


6  VW^ — o- 

1000  oinhs 


995.6  ohms 

R2 

-e-rAAA/^ — 9 


1000  otnhs 


■^liliP^ 


Function  - 


Figure  9 
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PART  3 

OBJECTIVE 

Given  a  list  of  five  electronic  components,  state  their  application  to  electronic 
controls.    Four  of  the  five  must  be  correct. 

PROCFDURE 

List  the  application  to  electronic  controls  of  the  five  electronic  components 
listed. 


1 .  Diode 


2.    PNP  Transistor 


3.     NPN  Transistor 


4.  Capacitor 


5.     Inductor  (choke  coil) 
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PART  4 

OBJECTIVE 

Given  the  information,  trace  the  flow  through  a  simple  amplifier  circuit  and  state 
its  purpose.     Two  errors  permitted. 

PROCEDURE 

Draw  lines  to  connect  the  amplifier  in  Figure  10,  then  trace  current  flow  thru  the 
simple  amplifier  circuit  and  state  its  purpose  in  the  space  provided. 


Purpose 


Fiqure  10,  Simple  Amplifier  Circuit 


PART  5 

OBJECTIVE 

Given  the  information,  state  the  purpose,  use  and  operating  principles  of 
electronic  control  circuits  with  no  more  than  two  errors. 

PROCEDURE 

Using  notes  and  material  given,  answer  the  following  questions. 
1.     V^at  is  the  purpose  of  an  electronic  control  circuit? 


2.     What  is  the  use  of  an  electronic  control  circuit? 


3.     What  is  the  current  flow  between  two  resistors  of  equal  value  wired  in  parallel? 


4.  This  is  known  as  a  simple  ^   circuit. 

5.  When  the  sensing  element  in  the  bridge  circuit  senses  a  change  in  variable,  the 
circuit  becomes   . 

6.  What  type  sensing  element  is  used  to  sense  the  variable  of  temp? 


7.    What  type  sensing  element  is  used  to  sense  the  variable  of  humidity? 


8.    Will  current  flow  across  a  balanced  electronic  bridge  circuit?    Explain. 


9.    What  do  transistors  do  in  a  amplifier  circuit? 


) 


10,    What  do  transistors  do  in  a  discriminator  circuit? 
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PART  8 

OBJECTIVE 

Given  the  informatiorir  state  the  operating  principle  of  modulating  electronic 
controls.    Only  one  error  permitted. 

PROCEDURE 

Using  notes  and  material  given,  answer  the  following  questions. 
1.    What  causes  a  signal  to  be  sent  from  the  bridge  circuit  of  a  modulating  electronic 
control  loop?    


2.    Does  current  flow  thru  a  balanced  modulating  electronic  control  loop? 
Explain.     


3.    Why  does  a  "modulating"  electronic  control  loop  provide  more  accurate  control  than 
two-position  electronic  control  loop?   


4.  Transistors  when  used  in  a  modulating  electronic  control  circuit  can  be  used  for 
— — — — — ^— ^— —  « 

5.  Small  changes  in  the  will  cause  a  small  change  in  the 

position  of  the   , 
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PART  7 

OBJECTIVE 

Given  the  informatiorir  state  the  procedure  for  troubleshooting  electronic  controls 
and  replacing  the  controls  with  no  more  than  two  errors. 

PROCEDURE 

Using  notes  and  material  providedr  read  the  following  sentences  and  fill  in  the 
blanks  provided  to  complete  the  sentences. 

1.  If  nothing  operates,  check  the   first. 

2.  Check  for  •   ^   with  ohmeter  which  would  indicate 

infinity. 

3.  Check  for  with  ohmeter  which  would  indicate  zero 

resistance.  " 

4.  Check  for  loose,  dirty,  or  corroded  connections  which  would  cause  a   

power  condition. 

PROCEDURE 

Using  notes  and  any  material  provided,  list  the  five  steps  for  replacing  an 
electronic  control. 


4. 


5. 
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Read  the  following  paragraphs.    Pill  in  the  blanks  to  complete  the  sentence^ 

Check  the  balco  wire,  it  must  have  a  resistance  of  ohms  at  the 

74*  P.   

Check  resistance  change  of  balco  wire,  it  must  go  up  ohros  for 

each  1*f.  temp  change* 

Check  voltage  change  of  balco  wire,  it  must  change    volts  for  each 

1*  f  temp,  change.  ^ 

Check  resistance  of  goldleaf  grid,  it  must  have  a  resistance  of  at 

a  dry  relative  humidity. 

Check  resistance  of  goldleaf  grid,  it  must  have  a  resistance  of    at 

a  wet  relative  humidity. 

Remove  the  _„_______^^^__  from  circuit  before  replacing  electronic 

controls. 
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ADJUSTING  CONTROL  POINT  ON  A  HONEYWELL  MODIFIED  BRIDGE 

CAUTION  -  Remove  all  jewelry,  observe  all  safety  precautions 

1.  Examine  the  trainer  schematic  and  identify  the  following: 

a.  Stepdown  transformer 

b.  Bridge  rectifier 

c.  Modified  wheatstone  bridge 

d.  Baico  wire  sensing  element  (remove  thermostat  cover) 

2.  Connect  trainer  to  power  source  and  turn  power  switch  on. 

a.  Determine  room  temperature. 

b.  Turn  thermostat  setpoint  dial  to  ambient  temperature. 

1.  Is  current  flowing  across  the  bridge?   

2.  Is  the  bridge  balanced  or  unbalanced?    

c.  Adjust  the  control  point  adjuster,  located  on  the  side  of  the  trainer,  to  zero 
the  meter- 

Have  the  instructor  check  you:  work. 

d.  Lightly  exhale  so  the  thermostat  sensing  element  can  sense  thft  heat  from  your 
breath>> 

(1)    What  happened  to  the  current  flow  across  the  bricf^e?     


(2)    What  must  happen  for  the  bridge  circuit  to  become  unbalanced? 


e.     Blow  at  the  thermostat  so  the  sensing  element  can  sense  the  cool  air. 
(1)    What  happened  to  the  current  flow  across  the  bridge?   


(2)     If  this  bridge  circuit  were  part  of  a  phase  detector  circuit,  what 
component  would  take  the  place  of  the  ammeter? 


Have  your  instructor  check  your  work* 
f .    Disconnect  the  trainer  frpm  the  power  source. 
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AIR  HANDLERS 

OBJECTIVE 

Upon  coraplctinK  this  unit  of  instruction,  you  will  be  familiar  with: 

-  The  steps  required  to  replace  air  handler  bearings,  shafts,  belts  and  pulleys; 
and  adjustment  of  damper  linkage. 

-  The  steps  for  lubricating  air  handler  bearings  and  checking  the  bearings,  belts 
and  pulley  alignment. 

INTRODUCTION 

Air  conditioning  can  be  defined  as  control  of  temperature,  humidity,  filteration  and 
circulation  of  air.     To  condition  the  supply  air  is  a  function  of  air  handlers.  The 
arrangement  of  filters,  dampers,  pre-heat,  reheat,  chill  water  coils,  air  wash  or  steam 
grid  and  dampers  within  the  air  handler  make  this  possible.     The  larger  systems  are  used 
with  indirect  expansion  systems,  which  normally  use  a  centrifugal  or  abfsorptjon  chiller 
to  supply  the  chill  water. 

Assignment  in  Preparation  for  Day  46 

I.       AIR  HANDLERS,  CONSTRUCTION  FEATURES 

A.    Read  the  following  paragraphs  and  answer  the  questions. 

Indirect  expansion  systems  will  use  two  types  of  air  handlers,  but  only  one  or  the 
other,  not  both  as  we  have  here. 

First  there  is  the  multi-zone  air  handler  which  is  a  system  with  four  separate 
supply  air  ducts.     The  conditioned  air  leaving  these  ducts  is  heated  or  cooled  depondinfr 
on  what  the  controller  for  that  certain  zone  is  calling  for.     All  four  ducts  could  carry 
four  different  supply  air  temperatures  to  different  areas  of  a  buildinp.     The  temperature 
is  controlled  by  a  set  of  dampers  for  each  zone  which  modulate  air  flow  across  the  heat- 
ing or  cooling  coil  and  then  mixing  it  for  proper  temperature. 

The  second  air  handler  is  called  a  single  zone  type.    This  type  system  has  only  one 
supply  air  duct  with  one  supply  air  temperature.     The  temperature  of  the  air  being  pro- 
duced by  the  air  handler  is  controlled  by  modulating  water  valves  located  on  the  cooling 
and  heating  coils.     As  the  temperature  goes  up,  the  chilled  water  valve  will  open  more 
and  the  hot  water  valve  will  close.    These  two  valves  are  operated  by  a  series-90  control 
loop,  with  the  sensing  element  located  on  the  return  air  side  of  the  system., 


.    Read  the  following  paragraphs  and  answer  the  questions. 


the  °"^*i-Jonf  and  single-zone  air  handlers  have  damper  assemblies  which  allow 

the  system  to  exhaust  all  return  air  and  take  In  all  outside  air.  or  mix  return  with 

The  motors  for  the  air  handlers  are  located  outside  the  unit,  which  allows  the 

Si^se;:wrr'are"Ll5'"?S':  mJnCr  ''-i^^ ^^""Pt-'' "     static  .reTstte  tiss^a^J'^hus 

norsepower  are  held  to  a  minimum.     Proper  coll  loading  Is  also  maintained      Motor  anrf 

.  ^t,  rIor"?i^:u'n;"?;"''"f  '"r  ''^'"  i"*"  thrSSct  system"°';t  the 

ho  nn  V  *K  subjected  to  extreme  air  conditions  ^hat  exist  Inside 

«i;:en"iJ;pe;':^inJ5naro°'"'  accessible  and  can  be  Inspected  regularly 'aiJ- ^ 

1-      What  is  the  purpose  of  damper  assemblies? 


2-      What  is  the  purpose  of  exhausting  air? 


3.      Where  is  the  motor  for  the  air  handler  located? 


C.     Read  the  following  paragraphs  and  answer  the  questions. 

vi.rinUrJ*'^^  ^""i?  ^"^""^  a  basic  understanding  of  air  handlers  and  the  function  of  the 
llliT^ln'^^^^^^^^  replacement,  repair  anS  Jj^uslmlSs  to 


Fans 


lu^^i^  ^^i^-i^  L'>S'ai„f^'ji  ?e"pf.-r.r.-;-  sv^^  . 

space!'^''*  *°  excess  beat  can  catch  fire  within  the  enclosed 

Of  vaJliMe'SJtch  """^''^  "^^^"^  °^        ^o^^  instances  adjustment 

fu„ctrroJ\\;"oveSt'''''"^"'  understand  the  importance  of  the  fan  and  Its 
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1. 


What  is  the  purpose  of  the  fans? 


2.      When  does  air  movement  become  a  critical  factor? 


3.      How  iiiay  the  V-belts  be  adjusted? 


D.     Read  the  following  paragraphs  and  answer  the  questions. 
Filters 

Filters  are  important  in  that  they  are  essential  in  removal  of  dirt  or  solid 
particles.     Other  types  of  filters  remove  odors,  gases  or  bacteria. 

They  come  in  two  classes:     permanent  or  throw-away. 

Filters,  as  they  become  saturated  with  precipi tants ,  begin  to  restrict  air  flow, 
this  extent  of  static  restriction  can  be  measured  on  draft  gages  and  manometers.  Usually 
expressed  in  MM  or  inches  of  water,   .05"  to  .24"  is  a  range  sometimes  used  to  indicate 
faulty  filters. 

Normal  procedures  is  to  clean  or  replace  filters  depending  on  the  class  of  filter. 
1.      What  are  the  two  classes  of  filters? 


2.       What  is  the  purpose  of  the  filters? 


E.      Read  the  following  paragraphs  and  answer  the  questions. 
Dampers 

Dampers  are  the  final  control  device  for  regulating  the  quantity  of  air,  its 
mixture,  or  direction  of  flow.     Dampers  are  used  to  balance  the  air  flc^  to  the  various 
rooms,  as  mixing  air  (return,  outside,  or  two  different  temperatures)  for  control  of 
humidity,  temperature  or  ventilation. 

There  are  three  basic  types:     (1)    Butterfly     (2)    Multiple  blade     (3)    Split  damper 

They  can  be  operated  either  manual  or  automatic. 

They  must  bi*  properly  fitted  and  sized  for  ducts  and  control  of  airflow — free  from 
dragging,  jamming  or  working  out  of  shape  in  normal  usage.    Corrosion  and  accumulation  of 
i^xcess  dirt  can  be  a  problem  in  some  applications. 
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DAMPER  MAINTENANCE.     Most  damper  rods  revolve  in  nylon  bushings  which  do  not  require 

lubrication.  Check  linkage,  setscrews  and  blade  adjustment  periodically  for  nroper 
nf)f»ration  or  adjustment.  xiy   i   r  nrupcr 

rontrollinr  cNwIros  should  bo  chnckod  poriodlcallv  to  insure  that   fhe  dampers  are  M 
**\u'r:\\\ur.  ^rom  rull-opon  to  fiill-closed  position.  ^ 

1.       What   is  tho  purpose  of  the  dampers? 


What  are  the  three  types  of  dampers? 


How  may  dampers  be  operated? 


If.     AIR  HANDLERS,  MAINTENANCE 

A.       Read  the  followinp  paragraphs  and  answer  the  questions. 
Periodic  Maintenance  Air  Handlers 

a.  Monthly — 

(1)  Inspect  the  air  filters  and,   if  necessary,  clean  or  replace. 

(2)  Check  spray  coil  sump,  water  drain,  and  check  for  scale  and  corrosion. 
Adjust  float  makeup  valve. 

b.  Every  three  to  six  months — 

(1)     Bf^arinp  should  bo  lubricated,  if  possible,  with  motor  runnJnr.     Add  rmase 
until  a  slight  bead  appears.     Check  bearing  races  for  excess  wear. 

(?.)     Adjust  belt  tension  on  fans—approximately  1/2  inch  flex  in  each  direction. 
When  replacing  bolts  replace  with  complete  set. 

(3)  Motor  lubricants  should  be  checked  every  three  to  six  months.  Pependingion 
operating  time.     Remove  bottom  plug—install  grease  fitting  at  the  upper 
plug  and  lubricate  until  approximately  1/2  inch  of  old  grease  is  forced 
out    run  to  expel  excess  grease,  replace  plugs. 

CAUTION:     Do  not  use  oils  containing  detergents! 

(4)  Inspect  the  unit  coils  for  dirt  or  damage.     Use  "fin  comb»'  to  straighten 
fins.     Air  jet  to  clean  dirt. 

CAUTION:     Do  not  use  steam  or  hot  water  to  clean 
refrigerant  coils  when  charged! 

(5)  Spray  humidifiers  for  lime  deposits.     If  lime  deposits  have  developed 
clean  by  soaking  nozzles  in  an  oakite  solution  and  then  clean  thoroughly  bv 
soaking  in  water.     Inspect  the  muslin  wrap  sleeve  on  the  steam  grid 
iHimidifier  and  replace  if  nece<5sary. 
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What  is  the  proper  belt  tension? 


What  is  required  to  straighten  the  fins  on  the  coils? 


Read  the  folowing  paragraphs  and  answer  the  questions, 
c    Once  a  year — 

(1)  Inspect  the  unit  casing  and  accessories  for  paint  chipping  and  corrosion. 
Clean  and  repaint  as  neeeded. 

(2)  Clean  fan  on  fan  shaft.     If  rusted,  renxDve  rust  and  recoat  with  rust 
preventive. 

(3)  Inspect  drain  pan  for  sludge  and  clean  as  needed. 

(4)  Check  condensate  drain  line  to  insure  it  is  not  blocked. 

(5)  Check  damper  linkage,  setscrews,  and  blade  adjustment  for  proper  operation. 
NOTE:     It  is  not  necessary  to  lubricate. 

(6)  Grease  fan  bearings. 
Steps : 

(a)  Remove  bottom  plug — clean  out  old  grease. 

(b)  Add  fresh  grease  through  upper  grease  plug  using  low  pressure  gun. 

(c)  Run  the  motor  for  a  few  minutes  to  expel  any  excess  grease  out  through 
the  removed  bottom  plug. 

(d)  Replace  bottom  plug. 

(e)  Wipe  off  any  excess  grease. 

(7)  V-belt  drive. 

(a)    All  v-belt  drives  should  be  checked  periodically  for  allgnmont,  proper 
belt  tension,  belt  wear  and  cleanliness. 

(b>    Check  motor  and  fan  shafts  for  parallel  alignment — use  a  level. 
Adjust  motor  sheaves  for  parallel  alignments.     The  use  of  belt 
dressing  is  not  recommended  for  v-belts- 

(c)    Belts  should  be  tight  enough  to  avoid  squeal  and  slippage  during 

operation.     A  slight  squeal  during  start  up  is  normal.     Excessive  belt 
tension  will  increase  fan  and  motor  bearing  wear  as  well  as  shorten 
belt  life. 


1.      List  the  steps  for  greasing  fan  bearings. 


2.      List  the  steps  for  aligning  pulleys  and  replacing  fan  belts. 


List  the  major  components  o:^  an  air  handler  and  define  their  function. 


How  does  the  air  handler  affect  the  overall  function  within  an  air  conditioning 
system? 
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CENTRIFUGAL  AIR  CONDITIONING 


OBJECTIVE 


Upon  completing  this  unit  of  instruction,  you  will  be  familiar  with: 

-  Principles  of  operation  of  a  centrifugal  air  conditioning  system, 
"    The  refrigerant,  chilled  water,  and  condenser  water  circuit. 

-  The  steps  required  for  charging  a  centrifugal  system  with  refrigerant. 
The  maintenance  procedure  on  a  centrifugal  air  conditioning  system. 

-  The  purge  unit  operation. 
INTRODUCTION 

The  centrifugal  compressor  is  a  low-pressure  machine  using  impellers  for  compression 
purposes.     The  refrigeration  cycle  is  accomplished  with  refrigerants  having  a  compression 
range  of  not  over  30  psi.     The  centrifugal  machine  can  be  either  motor  or  turbine  driven 
and  usually  runs  at  high  (speeds,  3600  to  6900  RPM.     They  vary  in  capacity  from  loss  than 
100  to  approximately  3000  tons  of  refrigeration  per  unit.     Since  centrifupal  units  havo  a 
greater  cooling  capacity,  they  are  used  in  larger  air  conditioning  installations. 

Centrifugal  equipment  uses  the  indirect  method  of  cooling.     The  equipment  cools  a 
fluid  (usually  water  or  brine  solution)  that  is  pumped  through  a  coolinK  coll  in  tho  area 
to  be  cooled.     The  fluid  (often  called  a  secondary  refrigerant)  picks  up  the  unwanted 
heat  in  the  conditioned  space  and  brings  it  back  to  the  refrigerating  equipment  where  it 
is  removed  and  discarded. 

Assignment  in  Preparation  for  Day  46 

I.       CENTRIFUGAL  SYSTEM,  REFRIGERANT,  CHILLED  WATER,  CONDENSER  WATER  CIRCUIT 

A.      Read  the  following  paragraphs  and  answer  the  questions. 

The  centrifugal  system  (figure  1)  is  a  compact  assembly  made  up  of  a  condenser, 
economizer,  refrigerant  flow  control,  evaporator,  compressor  purge  unit  and  control 
panel,  shown  in  figure  1. 


The  condenser  is  of  standard  design  shell  and  tube  construction.     Condonscrs  on 
centrifugal  machines  serve  two  functions.     The  primary,  as  in  all  condensers,  is  to 
r<^ceivc  the  hot  discharge  gas  from  the  second  stage  of  compression  and  condense  it  to  a 
liquid.     Its  secondary  function  is  to  trap  and  hold  noncondensables. 

Located  inside  the  condenser  shell  is  a  special  header  chamber  and  baffle.  The 
pressurized  refrigerant  vapor  from  the  second  stage  of  compression  enters  to  the  top  of 
the  condenser.     This  pressurized  vapor  is  distributed  throughout  the  full  length  of  the 
tube  bundle  as  well  as  in  a  downward  direction  within  the  condenser  shell.     The  header  is 
perforated  permitting  the  gas  to  be  broken  up  into  irregular  patterns  into  the  tube 
bundle  area.     This  provides  a  combined  blowing  and  wiping  effect,  which  prevents  the 
formation  of  an  insulating  film  that  would  retard  the  heat  transfer. 

Condensing  water  is  piped  so  that  the  cooler  entering  water  is  directed  first 
through  the  lower  tubes  of  the  bundle  to  be  returned  through  the  upper  tubes  after  making 
only  two  passes.     The  net  result  is  a  more  constant  temperature  difference  between  the 
downward  flowing  vapor  and  the  tube  surfaces.     This  achieves  a  more  uniform  heat  transT^T 
across  the  tube  bundle. 


Condenser 
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Water  boxes  or  end  plates  are  removable  on  both  ends  of  the  condenspr  Thoo 
plates  can  be  removed  without  dlsturbine  the  r*>f r< ^o-Jn*  «k  fonaenser.     These  end 

selves  are  soldered  Into  the  condeSser  flSLs      E^fn^L  =  ^""^^^  *hem- 

to  end  to  facilitate  different  lnl?alLt?onr  T»,f  f  ^  I  tf  mterchanReable  from  end 
provide  the  required  tio  pisses      see  ngJJe^  1  Jnd  2?  "  *° 


PURGE  UNIT 


CONOfNSER 


DfVlSlON  PLATf-, 


ECONOMlZiiR 


FLASH  GAS  TO  SECOND  STAGE 


COMPRESSOR  OIL- 
SUMP  HEAD 


REFRIGERANT 
FLOW  CONTROL 


EVAPORATOR 


Figure  1,      Centrifugal  Compressor  System 


VENTS 


rVENTS 


WATER  BOX 
COVER 


Figure  2.      Centrifugal  Compressor  System 


1.      What  are  the  two  functions  of  the  condenser? 


I 


2.      What  is  the  purpose  of  the  baffle  in  the  condenser? 


3.      Where  does  the  discharge  vapors  and,  condensing  water  enter  the  condenser?  Why? 


B.    Read  the  following  paragraphs  and  answer  the  questions. 
Economi zer 

Once  condensed,  the  refrigerant  leaves  the  condenser  through  the  liquid  line  and 
enters  the  economizer  (figure  3).     The  economizer  is  an  intermediate  pressure  chamber 
vented  to  the  second  stage  suction  side  of  the  compressor.     The  second  stage  suction 
pressure  is  lower  than  the  condensing  pressure;  therefore,  a  portion  of  the  liquid  vill 
flash.     This  flashing  of  liquid  cools  the  remaining  refrigerant  in  the  economizer  to  the 
temperature  corresponding  to  the  second  stage  suction  pressure. 

Resulting  flash  gas  passes  through  an  eliminator  (figure  3)  to  remove  any  trapped 
liquid  refrigerant.     It  then  passes  through  the  vent  pipe  connecting  the  economizer  to 
the  second  stage  inlet.     This  cool  gas  helps  to  increase  the  efficiency  of  the  compressor 
by  cooling  the  discharge  gas  coming  from  the  first  stage.     The  remaining  liquid  in  the 
economizer,  now  at  inter-stage  pressure  and  temperature,  continues  throtip:h  the  liquid 
line  to  the  refrigerant  metering  system  at  the  evaporator. 
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LIQUiO  TO  EVAPORATOR 
THRU  LIQUID  FLOW  CONTROL 


Figure  3*  Economizer 


What  is  the  function  of  the  economizer? 


What  is  the  function  of  the  eliminators  in  the  economizer? 


Where  does  the  flash  gas  from  the  economizer  enter  the  compressor? 
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C.      Read  the  following  paragraphs  and  answer  the  questions. 

Refrigerant  Flow  Control 

Liquid  refrigerant  leaving  the  economizer  is  metered  to  the  evaporator  by  a  very 
unieue  refrigerant  flow  control  (figure  4).     It  has  no  moving  parts.    The  purpose  of  tliis 
metering  system  is  to  maintain  the  design  refrigerant  flow  required  for  each  load  condi- 
tion.    No  matter  if  the  load  is  high  or  low. 

As  the  liquid  passes  from  "C*'  (figure  4)  through  tVje  orifice  system,   it  is  subject 
to  successive  pressure  drops.     The  first  component  of  tht?  system  is  a  perforated  plate 
which  is  designed  to  meter  liquid  refrigerant  only.     The  next  component  is  a  well-rounded 
orifice  which  is  designed  to  meter  either  liquid  or  a  liquid  gas  mixture.     The  well- 
rounded  orifice  is  a  choke  which  meters  almost  a  constant  volume  flow  of  liquid  or  liquid 
gas  mixture,   regardless  of  the  pressure  difference. 

For  example,  at  rated  full  flow  (full  load),  the  constant  volume  motering  chnrao- 
teristics  of  the  orifice  system  limits  the  flow  of  liquid  until  the  levol   rises  to  point 
"A"  (figure  4)  in  the  liquid  line.     Liquid  at  point  "A"  is  at  saturated  liquid  prossuro 
(condenser  pressure)  while  the  pressure  at  "C"  (figure  4)  is  at  a  higher  pressure  because 
of  the  liquid  head  H-1.     This  liquid  head  is  created  by  the  perforated  baffle.  By 
pressurizing  the  liquid  in  this  manner,  it  produces  a  subcooling  effect  on  the 
refrigerant  which  prevents  any  flashing  of  liquid  unless  the  pressure  drop  across  tho 
perforated  plate  is  equal  to  or  greater  than  the  pressure  of  head  H-1. 

At  full  load  conditio^is,  the  pressure  drop  across  the  perforated  plate  is  less  than 
head  H-1,  which  means  that  subcooled  liquid  is  passed  to  the  well-rounded  orifice  without 
flashing.     At  this  point,  the  orifice  is  metering  the  maximum  volume  of  liquid  to  the 
evaporator . 

As  the  load  on  the  system  decreases,   the  mass  flow  of  refrigerant  decreases,  causing 
the  level  or  liquid  head  in  the  liquid  line  to  drop.     Subcooled  liquid  refrigerant 
continues  to  flow  through  the  well-rounded  orifice  until  the  pressure  drop  across  the 
perforated  plate  equals  the  pressure  of  the  liquid  head  in  the  liquid  line.     Figure  4 

shows  this  taking  place  when  the  level  falls  to  *'B."    At  this  point,   liquid  passinp 
through  the  plate  is  reduced  to  the  saturated  liquid  pressure  (condenser  prosstirc*) 
causing  it  to  flash.     Once  flashing  starts,  a  mixture  continues  to  pass  a  constant  volume 
flow.     However,  the  nature  of  the  flow  has  changed.     It  now  contains  flash  gas  which 
displaces  the  liquid  resulting  in  a  reduction  in  the  net  volume  flow  of  liquid. 

A  further  drop  in  load  causes  another  drop  in  the  liquid  head  in  the  liquid  lino. 
This  will  cause  more  liquid  refrigerant  to  flash  as  it  passes  through  the  perforated 
plate,  again  reducing  the  volume  flow  of  liquid  through  the  well-rounded  orifice  to  the 
evaporator . 


LIQUID  FROM 
ECONOMIZER 


H2 


LIQUID  LEVEL 


LIQUID  WITH 
FLASHGAS 


LIQUID  and  GAS 
TO  EVAPORATOR 


PERFORATED 
PLATE 


WELL  ROUNDED 
ORIFICE 


a.   SYSTEM  UNDER  LOW  LOAD 


LIQUID  FROM 
ECONOMIZER 


HI 


LIQUID  LEVEL 


LIQUID  WITHOUT 
FLASHGAS 


LIQUID  ONLY 
TO  EVAPORATOR 


PERFORATED 
PLATE 


WELL  ROUNDED 
ORIFICE 


b.  SYSTEM  UNDER  HIGH  LOAD 


Figure  4.     Refrigerant  Metering  Syst 
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1.      What  is  the  purpose  of  the  refrigerant  How  control? 


2.      What  is  the  function  of  the  well-grounded  orifice? 


3.      Describe  the  operating  principles  of  the  refrigerant  flow  control? 


D.     Read  the  following  paragraphs  and  answer  the  questions. 
Evaporator 

The  evaporator  located  at  the  bottom  of  the  unit  is  of  standard  dosif;n  sholl  and 
tube  construction.     Similar  to  the  condenser,  it  is  a  flooded-type  evaporator,  which 
means  the  water  tubes  within  its  shell  are  immersed  in  liquid  refrigerant.     The  normal 
refrigerant  charge  in  the  evaporator  covers  only  about  50  percent  of  the  tuba  bundle  .is 
indicated  by  the  liquid  level  sight  glass.     However,  during  operation,  the  violent 
boiling  of  the  refrigerant  usually  covers  the  tube  bundle. 

A  rupture  valve  with  a  10-pound  bursting  disc  is  provided  on  the  evaporator  to 
prevent  possible  damage  to  equipment. 

Uniform  heat  transfer  throughout  the  evaporator  (figure  5)  is  promoted  by  a  liquid 
distributor  which  runs  the  length  of  the  shell.     Liquid  refrigerant,  or  a  liquid  gas 
mixture,  is  metered  into  the  distributor  through  the  orifice  system  previously  doscrlhod. 
The  pressure  drop  across  the  final  component  of  the  orifice  system,  the  wf*l  l-roiindod 
orifice  is  high.     Therefore,  the  liquid  flashes  as  it  passes  into  the  distributor.  This 
sensibly  cools  the  remaining  liquid  to  evaporator  temperature. 

Since  flash  gas  occupies  approximately  150  times  the  volume  of  an  equal  weight  of 
liquid,  the  presence  of  flash  gas  in  the  confined  area  of  the  distributor  produces  a 
pressure  drop  across  the  distributor  orifices  (figure  5).     Because  of  the  pressure  drop, 
the  liquid-gas  mixture  enters  the  evaporator  as  a  high  velocity  jet.     To  prevent  erosion 
of  the  tubes,  resulting  from  direct  impact  of  the  liquid  gas  on  the  tube  bundle,  the 
distributor  orifices  direct  the  Jets  against  baffles  which  tends  to  softf?n  thp  ,]rt  sprny 
in  a  vertical  direction.     The  spray  creates  turbulence  within  the  tube  bundle  which 
promotes  uniform  wetting  of  the  water  chilling  surfaces. 

A  large  volume  collection  chamber  directly  above  the  heat  transfer  area  (f irnro  5) 
moderates  the  velocity  of  the  leaving  vapor.     This  prevents  liquid  refrigerant  from  being 
carried  upward  throu,^!,'  ihe  eliminator  and  back  to  the  compressor. 


EKLC 
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REFRIGERANT  VAPOR 
TO  COMPRESSOR 


FIRST  STAGE 
INLET 
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LIQUID  REFRIGERANT 
FROM  FLOW  CONTROL 


Figure  5.  Evaporator 
Why  does  the  evaporator  have  a  liquid  distributor  and  orifices? 


What  is  the  function  of  the  eliminators  in  the  evaporator? 


What  is  the  function  of  the  collection  chamber  in  the  evaporator? 


E.    Read  the  following  paragraphs  and  answer  the  questions. 
Centrifugal  Compressor  (Hermetic  Type) 

The  easiest  way  to  understand  the  functions  of  a  centrifugal  compressor  is  to  think 
of  it  as  a  centrifugal  fan  of  the  type  used  for  forced  and  induced  air  flow.     Like  the 
fan,  the  compressor    akes  in  gas  at  the  center  and  whirls  it  at  a  high  speed,  which 
compresses  the  gas  by  centrifugal  force.     The  high  velocity  of  the  gas  leaving  the 
impellers  is  converted  to  a  pressure  exceeding  the  inlet  pressure. 

The  compressor  has  two  stages  of  compression-     The  impellers  are  arranger,  back  to 
back  on  the  motor  shaft,  with  the  thrust  of  one  impeller  balancing  the  thrust  of  the 
opposing  impeller.     The  impellers  are  fully  shrouded  or  encased.     Both  back  and  face  of 
each  impeller  are  enclosed.     The  fully  shrouded  impellers  permit  ample  clearance  between 
impellers  and  volute,  materially  increasing  reliability.     The  integral  motor-impeller 
r.Fsembly  operating  at  3600  RPM  is  the  only  major  moving  part.     Both  twin  impollers  arc 
keyed  to  the  motor  shaft  to  form  a  single  rotating  assembly.     The  shaft  itsolf  runs  on 
two  journal  bearings. 

Capacity  of  the  compressor  is  regulated,  to  balance  the  refrigerant  flow  with 
evaporator  load,  by  pneumatically  actuated  inlet  guide  vanes.     These  vanos  are  located 
immediately  ahead  of  each  stage  of  compression  on  the  inlet  side.     Using  figure  6  as  a 
guide,  refrigerant  gas  enters  the  first  stage  inlet  (A),  passes  through  the  inlet  ruide 
vanes  (B).     These  vanes  not  only  regulate  flow  but  they  also  pre-rotate  the  gas  causing 
it  to  enter  the  iwpeller  (C)  at  the  optimum  angle.     The  impeller  accelerates  the  gas  and 
discharges  it  through  a  circular  diffuser  passage  (D)  into  the  volute.     Here  the  kinetic 
energy  (energy  of  motion)  imparted  or  given  to  the  gas  by  the  rotating  impellers  is 
converted  to  static  pressure.     Discharge  gas  from  the  first  stage  then  enters  the 
crossover  pipe.     Before  entering  the  second  stage,  it  is  cooled  by  flash  gas  coming  from 
the  economizer.     The  cooled  discharge  gas  now  enters  the  second  stage  inlet  (E)  and 
second  stage  inlet  guide  vanes  (F),  where  it  is  compressed  again.     After  this  second 
compression,  the  gas  is  discharged  into  the  condenser. 

Each  impeller  is  subjected  to  forces  exerted  on  its  surface  by  the  pressurized  gas. 
The  net  effect  of  these  forces  results  in  thrust.     The  back  to  back  impeller  arrangomont 
causes  the  thrust  of  one  impeller  to  oppose  the  thrust  of  the  other.     The  result  of  those 
two  opposing  forces  is  a  balanced  thrust  condition.     With  balanced  thrust,  only  slmplr 
sleeve  bearings  with  thrust  collars  are  required  to  support  and  position  the  impeller 
motor  shaft. 

The  compressor  motor  is  cooled  by  the  chilled  water  produced  by  the  system.  The 
water  is  circulated  through  a  motor  Jacket  by  the  same  pump  which  supplies  chilled  water 
to  the  air  conditioning  system.     The  whole  system  is  very  similar  to  the  cooling  55yRtpm 
on  a  car. 


Figure  6.     Centrifugal  Compressor 
Uow  is  the  capacity  of  the  cornpressor  regulated? 


How  is  the  compressor  motor  cooled? 


STOP! 

have  completed  the  assignment  in  preparation  for  Day  46. 


Assignment  in  Preparation  for  Day  47. 


II.     PROCEDURES  FOR  CHARGING  A  CENTRIFUGAL  SYSTEM 

A.      Read  the  following  paragraphs  and  answer  the  questions. 

Checking  Refrigerant  Level 

To    obtain  an  accurate  indication  of  refrigerant  charge  level,  the  refrigerant  in 
the  economizer  must  be  returned  to  the  evaporator.     The  necessary  piping  arrangements  for 
this  process  is  illustrated  In  figure  7. 


Figure  7.     Checking  Refrigerant  Level 


Figure  7.     Charging,  Liquid 
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Using  either  vacuum  hose  or  copper  tuhinp    mnne^ni-  +k«  i4        4.  ^ 

,H„„         „p.„../?»,..,„."J;  ;r,-'--%„. 

Adding  Refrigerant 

  Pipe  a  drum  of  R-113  to  charging  valve  a.  shown  m  figure  8. 

  Elevate  drum  above  liquid  level  in  evaporator  to  induce  a  gravity  flow. 

  Charge  unti'   liquid  level  appears  in  center  of  evaporator  sight  plass. 

  Closo  charging  valvo  and  disconnect  refrigerant  drum. 

1.      What  i«  required  to  obtain  an  accurate  indication  of  a  refrigerant  charge  level? 


2.      How  does  the  refrigerant  flow  from  the  economizer  or  from  the  refrigerant  drum? 


How  is  thv  correct  chargp  indicated? 


B.     Read  the  following  paragraphs  and  answer  the  questions. 
Leak  Testing 

systenu  XI  Tell  TesTull  IsTellTollk  liTal'r.  '''TY'  ""^^  the 
within  the  unit  se'rltr/s\%tlltT^^^^ ^^^^^^  ^-^''i^erant  vapor 

VARMING:     DO  NOT  use  oxygen  or  acetylene  in  place  of  nitrogen  for  leak  testing  A 

  Close  evaporator  gaug^  connection  valve  and  remove  gauge  connection. 

  Connect  a  drum  of  oil  pumped  dry  nitrogen  to  valve  fitting. 

  Charge  enough  nitrogen  into  the  unit  to  develop  a  10  psi  test  pressure. 

WARNING:     Under  no  circumstances  exceed  the  10  psig  test  pressure  specified. 

^ip?u^e?        "''''^^  °'        "^'^^  ^^"-"^  evaporator  relief  disc  ?; 

6'JV 
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  Close  evaporator  gauge  connection  and  remove  nitrogen  charging  equipment. 

  Proceed  with  normal  leak  checking  procedures,  using  either  a  Halide  or 

electronic  leak  detector • 

1.      What  is  used  to  pressurize  a  centrifugal  system? 


2.      To  what  pressure  is  the  system  pressurized  for  leak  checking? 


Connect  a  line  to  the  oil  charging  valve.     Figure  8. 


Figure  9.     Compressor  Oil  Sump  Cover 
  Insert  end  of  line  into  a  container. 

  Open  valve  and  leave  open  until  oil  flow  stops.     Close  valve. 

Filling: 

  Loosoly  connect  the  discharge  side  of  an  auxiliary  oil   pump  to  tho  oil  cliarpinp 

valvn. 

  With  the  charging  valve  closed,  operate  pump  until  oil  appears  at  loosonod 

connection.     Tighten  connection. 

  Opf*n  valve  and  pump  oil  into  the  sump  until  the  required  oil  charge  has  entered 

the  sump. 

  Remove  filler  line  and  close  valve. 

  Energize  oil  sump  heater. 

  Purge  system  to  ren^^ove  ntrogen. 

Adding  Oil 

Before  adding  oil,  determine  the  cause  for  the  loss. 

  Check  condition  of  oil  sump  heater  and  oil  temperature  control  sc^ttinK. 

  To  add  oil,   follow  the  steps  for  Filling  Oil  Sump,  as  outlined  in  compressor  oil 

change. 
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C.     Read  the  following  paragraphs  and  answer  the  questions. 
Changing  Compressor  Oil 

CapclU^S"\'„^d  SoMl'^^^%r'e^  lo^.  ^^S'"''"  '^^^^^^^  ^''^ 

If  compressor  oil  is  to  be  changed  at  the  time  the  system  is  to  be  leak-tested, 
pressurize  system  to  a  slightly  positive  pressure  and  then  drain  oil  from  sump. 

Pump  now  oil  into  sump  before  developing  the  full  pressure  necessary  for  l^ak  test. 

WARNING:     De-energize  oil  sump  heater  by  opening  control  panel  disconnect  switch 
before  draining  the  sump.     Otherwise,  heater  may  burn  out. 

Draining  Oil  Sump: 

  PresGurize  system  to  a  1  to  2  psig  positive  pressure.     Figure  9. 

EVAPORATOR  GAGE 
CONNECTION* 


PRESSURE 

regulating 
Valve 


._  ^_ 

■LOCATED  BEHIND  CONTROL  PANEL 


Figure  8.     System  Pressurizing 
1.      What  arr-  two  types  of  oil  that  Is  approved  for  contrl  filial  compressors? 


Why  is  the  oil  sump  heater  de-energlzed  before  draining  the  s>imp? 


3.      To  what  pressure  is  the  system  pressurized  for  draining  tho  oil  .sump-? 
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III.     MAINTENANCE  OF  A  CENTRIFUGAL  SYSTEM 


A.     Read  the  following  paragraphs  and  answer  the  questions 

Secondary  Refrigerant  and  Condenser  Water  Systems  Maintenance 

It  is  very  difficult  to  set  up  a  definite  maintenance  schedule  since  so  many 
operational  factors  must  be  considered.     Your  supervisor  should  familiarize  you  with  the 
standinpc  operating  procedures  at  your  installation  and  you  must  follow  these 
recommcn  d  a  t  i  on  s . 

The  tubes  in  the  condenser  and  cooler  must  receive  regular  attention  for  efficient 
performance  and  long  life.     Special  care  must  be  taken  during  the  first  year  of  operation 
due  to  dirt  and  other  foreign  materials  which  may  have  collected  in  the  system  during 
installation.     The  water  treating  system  must  operate  effectively  to  prevent  general 
lorrosion  of  the  tubes  and  piping  system.     Foreign  material  and  corrosive  attack  can  do 
extensive  damage  to  the  system's  piping  and  water  tubes  if  not  effectively  treated  and 
correc  i:ed. 

The  trainer  has  an  expansion  tank  for  the  chilled  water  and  one  tor  the  heat 
transfer  unit  or  hot  water.     A  coil  and  shell  assembly  is  used  for  the  heat  exchanger. 

A  cooling  tower  and  a  storage  tank  is  provided  for  the  condenser.     Tho  water  Is 
circulated  through  the  system  and  into  the  tank.     If  the  temperature  of  tho.  water  r<'a<  hos 
a  certain  degree,  a  butterfly  valve  will  route  the  water  to  the  cooling  tower  and  back  to 
the  tank.     This  type  of  system  i*?  commonly  called  a  dry  sump  cooling  tower. 

Flow  switches  are  installed  in  the  chilled  water  lines  and  the  condenser  water 
lines. 

1.      What  is  the  possible  effect  if  the  system's  piping  and  water  tubes  are  not 
effectively  treated  and  corrected? 


2.      What  is  dry  sump  cooling  tower? 


n.      Read  the  following  paragraphs  and  answer  the  questions. 

CLEANING  THE  CONDENSER:     Water  available  for  condensing  frequently  contains  miPt^rals 
that  collect  on  the  condenser  tube  walls  as  carbonate  sca^e.     Scale  accumulation  rate 
will  be  increased  by  high  condensing  temperatures  and  water  with  a  high  mine'^al  contont. 

Cooling  tower  may  collect  dust  and  foreign  material  that  will  deposit  in  the 
condenser  tubes  forming  sludge.     Scale  and  sludge  formation  is  indicated  by  decreased 
water  flow,  high  condensing  temperatures  and  large  differences  between  condensing  and 
leaving  water  temperatures. 

To  maintain  maximum  efficiency,   the  condenser  must  remain  free  of  f^r.ale  and  sludre. 

Even  a  very  thin  coating  on  the  tube  surface  may  greatly  decrease  cond^'nser  hen!  t.rjinsfiT 
capacity . 

The  two  methods  for  cleaning  condenser  tubes  are  mechanical  and  chemical. 

The  mechanical  method  removes  sludge  and  loose  material  from  condenser  tubes. 
Working  a  round  nylon  or  bristle  brush,  attached  to  a  rod,  in  and  out  of  the  tubes 
loosens  the  sludge*     After  cleaning,  flush  the  tubes  with  clear  water. 
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The  chemical  method  removes  scale  depo*  Its.     The  standard  condenser  water  circuit 
consists  of  copper,  steel  and  cast  iron.     Any  reliable  chemical  house  in  the  arpa 
knowing  the  chemistry  of  water,  will  be  able  to  recommend  a  cleaninp:  solution  for 'the 
J  o  n  • 


A  chemical  feeder  has  been  installed  on  the  chilled  water  system  to  aid  in  scaJe 
romoval.  whilp  the  condenser  water  system  doesn't,  due  to  it  being  an  open  system. 

1.      VThat  are  the  two  methods  for  cleaning  the  condenser  tubes? 


How  is  the  sludge  and  loose  material  removed  from  condenser  tuberj? 


C.    Read  the  following  paragraphs  and  anss.^r  the  questions. 
Centrifugal  Compressor  Lubrication  System 

The  two  compressor  bearings  which  support  the  main  impeller  shaft  are  lubricated  bv 
«hi^^h°fr  ^^'^  system.     Pressurized  oil  is  fed  to  the  bearings  by  a  motor  driven  oil  pump 
which  is  submerged  in  the  oil  sump,  figure  10.     Bearing  oil  pressure  is  controlled  by  a 
regulating  v&lM^  located  in  the  pump  discharse  line.     The  regulating  valve  is  adiusted  to 
maintain  a  constant  12  psi  usable  oil  pressure.     Usable  oil  is  determined  hy  subtracting 
evaporator  pressure  from  indicated  oil  pressure  as  ahown  on  the  gauge.     The  bearlni-  oil 
pressure  is  monitored  by  an  oil  pressure  control.    The  puroose  of  the  control^s  to 
assure  proper  oil  pressure  to  the  comprassor  bearings  at  ail  times  during  operation.  It 


"      °'"  e^'ective  oil  pressure  at  the  bearings  and  is  interlocked  into  the  i 
iu°°'"''"^''''5  control  circuit.     It  will  not  peruiit  the  compressor  motor  to  start  ' 
until  the  required  oil  pressure  is  built  up  at  the  bearings.     This  is  ve-y  important 
since  practically  all  bearing  wear  occurs  at  the  time  rotation  begins.     In  the  event  of 
romniL^o^"  failure  Ox'  a  drop  below  minim-in  pressure  (4  psi),  the  control  wilJ  stop  the 
nn^L+f       ^"^o'J'^^i^^ally-    On  a  lot7  Oil  pressure  shutdown  the  oil  pump  win  continue  to 
operate,  supplying  oil  pressure  to  the  bearings. 

Oil  temperature  within  the  sump  is  maintained  at  approximately  130'F  bv  an  oil 
temperature  control.     This  control  operates  an  electrical  resistance  heater  clamped  to 
the  exterior  of  the  sun..^.     Refrigerant  113  (Trichlorotrl  f  luroethano)  has  a  boi  uEg  Po?nt 
ol   IIR    at  atmospheric  presfruro.     To  prevent  the  system's  refrigerant  from  condenstn?  In 
It  ?^n^/?^  diluting  the  oil,  it  must  be  maintained  above  its  boiling  point?  thfs  is  ihy 
the  130  F  temperature  is  required.     Oil  leaving  the  sump  is  cooled  to  design  bearing 
temperature  by  an  external  oil  cooler,  figure  10.     A  temperature  operated  water 
regulating  valve  meters  the  flow  of  waisr  through  the  cooler,  maintaining  the  oil 
tf-mpprature  at  the  desired  temperature  of  110". 

The  lubricating  oil  is  gravity  returned  to  the  sump  after  use.     For  this  to  hannen 
pressure  must  be  equalized  within  the  lubricating  system  to  induce  the  gravitv  return.  ' 
This  is  accomplished  by  vent  lines  (figure  11). 
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Figure  10.     Centrifugal  Compressor  Lubrication  System 


LUBRICATION 


Figure  11.     Centrifugal  Compressor  Lubrication  ??ystem 
What  temperature  is  the  oil  maintained  within  the  sur p? 
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IV.     PURfiK  UNIT  OPKRATION 


Hoad  thr  folJowlriK  paraKraphs?  and  answer  tho  questions. 
Purge  Unit  | 

The  function  of  the  purpe  unit  (figure  12)  is  to  remove  noncondonsabUs  Cairl  anrt 
water  vapor  from  the  refrigerant  system.  ncunacnsani€ s  (air)  and 

enter's  sys?ei"'}f  ano-^n'tn  "^''''"f  operating  under  a  vacuum,  air  and  noisture  mav 

cSndonse?  Unsure      This  wi?l  re^!;?t'"i'i%*^'  ""^^^t  "°"=°"densable  gases  will  increase 
v-«.iu.naer  pressure.     This  will  result  in  increased  power  consumption,  decrease  the 
cooling  capacity  and  possible  compressor  surge.  P"on.  aecrease  the 

,.»n,i«!!o"i-*^"^*'        refrtgorant  gas  and  noncondensablef  Is  drawn  from  the  ton  of  the 
condenser  and  comprossed  by  the  purge  unit  compressor.     The  compressed  gas  passes  Into 

separation  tank,  where  the  gas  is  heated  by  electrical  resistance  heaters 
?"m1he  llJ^'rlsToT:     '''^  ''^^^^"^'^  refrigerant  from  condensing^^^^^^^LS^SJl^^.e  oil 

«„H  w?J!  iS*!        ^'Tr*!.  refrigerant  will  collect  in  the  bottom  of  the  tank 

andjtU  be  returned  to  the  compressor  crankcase  through  a  float  valve  :ind  oil  return 

ir,^,/^ll^^V^°^.^^^  vRPors  leaving  the  separator  enters  the  purge  drum  I^ca^ed 

inside  the  drum  is  a  tube  and  fin  coil  with  either  chilled  water  from  the  sysiem  o^ritv 
water  passing  through  iv.     This  water  coil  being  at  a  lower  temperature  than  the' 
refrigerant  vapor  will  act  as  a  condenser  and  liquify  the  refr?K?ant  anJ  JateJ  Air 

if^^r.*''^"  refrigerant  and  water  rill  separate  and  rise  tS  the  too'of  tJe 

drum.     When  the  pressure  within  the  drum  exceeds  the  automat?^  relllt  valvl  se?t?L 

tTthTa?mo.!Jhlr%'''%h'e^J:ui*5"r'fT'  '^"^'"^  ^^^^-^^"'^  th^'r^ncon^JeSsahles 

..lle\TrTnreVs  tlfsj^rer tlirJSjh^^JSreirpi-rLi;  s'?de!°"°"  ''^^^^^  ''''''''' 

^'o^XSJ^^.^^^^l^^^^J^--^  ^  -  re^ved-L^lSnr  ' 


SOlENOlD 
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fUR&l 
COMfflfSSOR 


PUnCE  DRUM 


 J  4 
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LIQUID  RETURN 
TO  EVAPORATOR 
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Figure  12.     Purge  Unit 


613 

2-18 

o 

ERIC 


1.      What  is  the  fiincton  of  the  Pur?e  unit? 

I  


Why  does  the  pjirge  oil  separator  require  a  heater? 


The  component  of  the  purple  unit  that  Koparatn.s  water  from  tho  r(^  f  ri  i'(»rarit  is  tlw 


V.       OPrPATlON  OF  A  CENTRIFUOAI.  SYSTEM 

A.     Read  the  following  paragraphs  and  answer  the  qnestion.s. 

Compressor  Capacity  Control 

A  sensor-transnit ter ,  receiver-controller  type  of  pneumatic  control  syston  is  nsor* 
to  throttle  the  suction  vanes  on  both  first  and  second  stape  inlet  for  capacity  control 
(figure  13).     In  operation,  a  rising  supply  chilled  water  temperature  ran.ses  the  di  root 
acting  sensor-transmiter  to  increase  its  pressure  to  the  inPut  port  IT  on  the  r.ontroMor. 
In  turn,   the  rocoi vor-con trol  1  or  proportionally  increases  tho  prossiiro  at   *'0"  snpplving 
more?  prossure  to  the  pilot  chamber  of  the  pilot  positioner  located  on  tlu»  vanr  (>fu»r:ifor. 
At  the  same  time  pressure  is  applied  to  the  pneumatic  electric  switch  PV  1   (ffrnro  1  :i;0 . 
When  the  output  pressure  from  the  controller  reaches  tho  setting  of  PF  1   (closo  r>  psi  , 
open  1  psi),   the  contacts  close  starting  the . centri fuga 1  compressor. 

Energizing  the  compressor  starting  circuit  also  energizes  the  solenoid  air  valve  f>AV 
after  a  short  time  delay,   placing  the  receiver-controller  in  control  of  the  compressor 
vane  operator.     From  this  point  on,   the  chilled  water  tenjperature  control  system 
modulates  the  compressor  inlet  vane  position,  balancing  compressor  capacity  with  the 
system  load. 

The  unit  also  has  a  load  limiting  mechanism  (figure  13b).     This  mechanism  is  located 
in  the  unit's  control  panel  and  is  piped  into  the  pneumatic  system  between  the  pilot 
]>ositioner  and  the  vane  operator.     The  load  limiting  system  consists  of  an  electric- 
pneumatic  relay  and  an  electrically  operated  three-way  air  valve.     The  only  time  tlu^ 
three-way  valve  allows  air  to  pass  to  the  vane  operator  is  when  the  comr>rr»s.s(>r  i« 
<»nergized.     This  in  effect  allows  the  compressor  to  start  in  an  nnlonded  condition.  v/iu^n 
the  cc>mpressor  is  shut  down,   the  throo-way  valve  is  de-energi /.ed ,   cnttinr  nff  control   iH  r 
from  thf?  pilot  positioner  and  exhausting  the  air  from  the  inl(»t  vane  oriorat.or,  closinr 
the  vanes.     Keep  in  mind  that  there  is  only  one  vane  operator  that  onernt(»s  two  inlr»1 
vanes,  one  on  the  first  stage  inlet  and  the  other  on  the  second  stage  inlet. 

1.      What  control  modulates  the  compressor  inlet  vane  position,  balancing  cor'nressor 
capacity  with  the  system  load? 


ERIC 


Figure  13a.     Pneumatic  Compressor  Capacity  Control 


Figure  13b.     Compressor  Capacity  Control 
B.      Read  the  following  paragraphs  and  answer  the  questirjns. 

-  second  item  in  the  load  limiting  mechanism  Ir      -  oUr^r  •  v.tir  load  limit 

rirlay.     The  electromagnetic  coil  is  connected  to  a  current  t -^nzU:r  u'.y  ^    ?c!;  is  installed 
on  one  leg  of  the  line  side  of  power  going  to  the  compressor  motor.     The  olertro- 
pnoimatic  load  limit  relay  allows  air  pressure  to  be  transmit ue.i  dlrectlv        t  v.  inlet 
vano  operator  when  the  compressor  motor  current  is  less  than  :)h  per/rnt  .  i   li.^  full  load 
rating.     However,  should  the  motor  current  exceed  98  percent,   the  ma^no^i'  r    ]]  of  the 
coil  becomes  great  enough  to  start  opening  the  bleed  port  of  the  relay.     Tli'is  bleeds 
control  air  pressure  from  the  vane  operator  causing  both  ^niat  vanes  to  mociula te  toward 
the  closed  position.     In  this  manner,  the  gas  flow  to  the  compreGsor  impellers  Is 
throttled,  reducing  the  load  on  the  motor.     A  reduction  in  load  will  a  1      rr-<iu.'o  the 
motor  current  until  it  is  stabilized  at,  or  below,  its  100  percent  of  full  load. 

The  load  limiting  relay  remains  in  control,  limiting  the  load  on  the  motor,  until 
the  motor's  load  drops  below  the  control  range  of  the  relay.     At  ti.is  lolnt     the  relay's 
bleed  port  will  close  and  the  control  of  the  vane  operator  wi^)   n^.ti  ^  >^  ^   L^/  ^a--r 
temperature  control  system  (figure  13a).     The  load  Ilmi'    .-itro^  mnrh  r         .//.^  ^  i  oq  be  ^ 
called  a  high  limit  control  or  an  override  circuit. 
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A  manual  demand  limiting  device  is  also  incorporated  into  the  system  (figure  13b). 
This  is  a  manual  switch  located  on  the  front  of  the  control  panel.     it  provides  the 
operator  a  means  of  taking  advantage  of  any  reduced  load  or  demand,  such  as  at  nip:ht  or 
during  a  cold  spell.    This  reduces  the  amount  of  power  consumed,  saving  energy'  and  money* 
The  manual  type  control  can  be  changed  to  an  automatic  control  similar  to  the  type  usoH 
on  the  modern  energy  monitor  and  control  system* 

The  demand  limiting  equipment  used  for  manual  control  are  a  multi  tap,  variable 
ratio,  current  transformer  and  selector  switch.     This  transformer  is  installed  on  one  leg 
of  the  line  side  of  power  to  the  compressor  motor  (figure  13b).     Through  reconnecting  of 
the  load  limiting  relay  coil  to  the-  various  taps  of  the  current  transfornier,  the 
secondazy  current  through  the  load  limit  relay  can  be  varied  to  limit  the  load  on  the 
motor  to  40,  60,  80  or  100  percent  of  full  load.     Reconnection  is  accompllshod  tbronrh 
the  adjustment  of  the  manual  demand  limit  switch  S4. 

What  is  the  function  of  the  manual  demand  limiting  device? 


C.      Read  the  following  paragraphs  and  answer  the  questions* 

Normal  Operating  Conditions  and  Control  Settings 

The  normal  operating  temperatures  and  pressures  aro  shown  in  tablo  1.     The  norm;M 
settings  and  adjustments  for  the  various  system  temperature  and  pressure  controls  are 
given  in  table  2. 

Pressure-Temperature  Curve  for  Saturated  R-113 

Actual  condensing  conditions  can  be  maintained  by  using  the  pressure-temperature 
curve  illustrated  in  table  3.     This  is  done  by  plotting  the  temperature  of  liquid 
refrigerant  leaving  the  condenser  against  condensing  pressure. 

Refrigerant  temperature  is  obtained  by  placing  a  thermometer  in  the  liquid 
temperature  well  located  in  the  condenser  sump.     For  well  location  see  figure  7* 

If  the  temperature  and  pressure  lines  intersect  at  a  point  above  the  saturation 
curve,  condensing  pressure  is  excessive,  indicating  air  in  the  condenser.     If  purginp 
fails  to  correct  this  condition,  see  Trouble  Analysis. 

If  the  temperature  and  pressure  lines  intersect  on  the  saturation  cnrvo.   In  a  normal 
manner  but  at  a  temperature  and  pressure  higher  than  specified,  either  the  condonsor 
water  temperature  or  flow  is  not  correct  or  the  tubes  are  fouled.     To  correct  these 
conditions,  see  Trouble  Analysis. 

Tablo  1  -  Normal  Operating  Conditions 


GAGE 

NORMAL  READING 

EVAPORATOR  PRESSURE 

Za-ZSV^   INCHES  VACUUM 

CONDENSER  PRESSURE 
PURGE  DRUM  PRESSURE 
OIL  SUMP  TEMPERATURE 

5*15  INCHES  VACUUM*^ 

15  INCHES  VACUUM  TO   15  PSI 

130-135  F 

COOLED  OIL  TEMP. 

HOP 

OIL  PRESSURE 

12  PSI  ABOVE  EVAP.  PRESSURE 

♦Condenser  pressure  is  dependent  upon  the  temperature  of  the  condensing  water.  The 
pressure  should  be  equal  to  the  saturation  pressure  of  R-113  at  a  temperature  5*  to  10*F 
above  the  leaving  condenser  water  temperature* 
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Table          Control  .Settlnrs 

TEMPERATURE  CONTROLS 

CONTROL 

CUT-IN 

ENTIAL 

CUT-OUT 

PURGE  HEATER  TEMP.  CONTROL 

132  F 

8 

140  F 

MOTOR  TEMP.  CONTROL  (MTC) 

t  10  F 

10 

120  F 

SUMP  OIL  TEMP.  CONTROL  (OTC) 

• 

* 

BEARING  OIL  COOLER 

•  4 

LOW  TEMP.  CONTROL  v-,TC) 

42  F 

10 

32  F 

MOTOR    COOLING  REG.  VALVE 

^  1 

+ 

PRESSURE  CONTROLS 

HIGH  PRESS.  CONTROL  (HPC) 

t2»  VAC. 

10"  VAC. 

2»  VAC. 

PURGE  PRESS.  CONTROL 

25  PSI 

15  PSI 

40  PSI 

OIL  PRESS.  CONTROL  (OPC) 

e  PSI 

4  PSI 

4  PSI 

<^^fe^r?.^i^'?:;o^^^  '^^^  ^^•^^-^-•^•^•^  tcporaturo.  The 

-Oil  cooler  wator  ro.nl.ntinr  valvo  is  set  to  maintain  HOT  loavlnr  oil  tomperatu 
+  .Set  to  maintain  Hr^-?  loavinK  water  temporature. 

Table  3.     Pressure  Temperature  Relation  Pefrlpcrant 
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1. 


Tho  high  pressure  cutout  on  the  contrifupal  compressor  is  sot  for  what  psi 


2.      What  is  the  normal  pressure  readinK  for  the  evaporator? 


3.       Tho  condenser  pressurr?  is  dependent  upon  what  temperature? 


D.       Road  the  following  paragraph  and  answer  the  question. 

Purj^e  Drum  Water  Rlini  nation 

Water  condensed  in  the  purge  drum  will  float  on  the  surface  of  the  liquid 
refrigerant.     Normally,  a  separation  line  can  be  seen  through  the  purge  drum  sight  rlass. 
V/hen  water  is  observed,   use  the  following  steps: 

  Turn  off  purge  compressor, 

  Open  blow-off  valve,   located  on  the  right  end  of  purjM'  drum. 

Allow  valve  tf)  rc^m;i  1  n  open  until  all  wat'»r  has  horn  drain'^d. 
Closc»  valve  and  return  unit  to  service. 
1.       Explain  the  procedures  for  purge  drum  water  elimination? 


SUMMARY 

!)lrf,»ct  expansion  refrigeration  systems  pump  refrigerant  dir*»ctly   Ihroii^h   lh(»  (•()f>lirir 

f:()il,  whf^reas  indirect  systf^ms  pump  chilled  water  or  brinr*  tbrouKh  thr*  rf><)linr  coil. 

Indirect  refrigeration  may  ho  either  of  the  centrifugal  or  reciprooat i type. 

Therc»  arc^  several   compjjnies  that  manufacture  the  centr1fur«l   marhinr.     Fx(mm>1    f<>r  m 
few  enf'i  ncjoring  differences,   these  machines  are  the  sane.     Wh*»n  in  donbl   nboiit  anv 
maintenance  or  operational   procedure,   refer  to  the  manufacturer's  manuals  or  l';indh<-)is 
for  specific  information. 

An  itemized  checklist  and  operational   lop  must  be  used  and  maintainor  by  tbf» 
operator  on  duty.     Careful   inspections  will  help  in  correcting  malfunctions  and  >rivo  the 
machine  long  life  and  efficient  operation. 

STOP ! 

You  have  completed  the  directed  study  assignment  in  preparation  for  Pay  ^7. 
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(Civil  fnpi  neoriiur  Training) 
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AnSORPTION  AIR  rONOITTONTrC 


onjnCTTVE 


To  help  you  learn  the  scope,   application  and  maintenance  of  absorption  air 
conditioning  systems. 

INTRODUCTIOrJ 

The  principle  of  absorption  is  more  than  a  century  old,   but  in  tho  nns*f  30  to  10 
yoars,   it  has  not  boon  completely  safe,   successful  or  economical.     Tho  of  tlio 

UMua- "5  i  thinm  bromide  system  began  in  1945.  To  date,  it  is  the  most  economical  ff^rm  of 
comfort  coolinp;  for  two  reasons:  water  is  the  best  refrigerant  on  the  rnnrket  ?ind  this? 
system  converts  heat  (energy)  directly  to  cooling. 

This  simplest  of  all   refrigerating  machines  iis(»s  thr*  r  hen  pest,   sn  fost  ;ind  mosi 
available  of  all   refrigerants — water.     V/ater  is  stable,   nontoxic,   Uiw  rost  ,  rcvuMIy 
available  and  has  970  BTUs  per  pound  latent  heat  of  vaporization.     Its  M>is(irbent  is 
lithium  bromide,   a  salt  solution.     Most  important,    large  quantifiers  of  v;^\t('r  p  r(^  rtvidilv 
nbsorlKMl  by   lithium  bromide  and  (*asily  separated. 

Assignment  in  Preparation  for  Pay  48. 

T.       MAJOR  COMPONENTS  AND  PRINCIPLES  OF  OPERATION  OF  AN  ABWpoTION  f^YST^M 

A.       Read  the  following  paragraphs  and  answer  the  questions. 

The  key  to  understanding  the  absorption  system's  operation  is  to  remember  the  entire 
unit  operates  in  a  deep  vacuum.     For  water  to  boil  in  the  evaporator  at  3J^*F,  a  varunm  of 
approximately  29.05  inches  mercury  is  required.     To  illustrate  the  necessity  of 
maintaining  these  pressures,   an  increase  in  pressure  of  only  O.OG  psi  in  the  unit  'vi 11 
increase  the  leaving  chilled  water  temperature  10*F. 

This  system  is  used  for  air  conditioning  and  varies  in  capacity   from  three*  t.o  TiOn 
l.oris.     The*  absorption  unit,  is  In  great  demand  at  f.he  prosf^nt   tAmo  In   Inri'cr  instnllri- 
Lions.     The  rnachin(\s*  low  r)r)r'ratl  i>g  cost,  dependability,  minimum  maintennnce  arid  ^:f>:I<•e 
roqni  rc*ment ,   and  long  life  of  serviceability,  are  the  ma,1or  advantages  of  absorption 
systems.     However,   high  initial  installation  and  support  equipment  costs  are  a 
disadvantage. 

Lithium  bromide  is  but  one  type  of  absorption  system.     The  other  type  of  absorntion 
most  used  today  is  the  aqua  (water)  ammonia  system.     It  is  used  in  both  refrigeration 
(food  storage,   (*tc.)  and  air  conditioning.     Ammonia  is  the  refrigerant  and  water  the 
nbnorbent.     This  system  operates  under  high  pressures  whereas  the  lithium  bromide  svstc»m 
nu5;t  use  a  deep  vacuum. 

1.       What   is  the  pressur(?  r<M|uired  for  water  to  boil  at  3R*F? 


F.ist  tht^  ndvantages  of  an  al)Sorption  nystem. 
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B.      Read  the  following  paragruphs  and  answer  the  questions. 
Care  and  Handling  of  Lithium  Bromide 

Mthiiim  bromide  Is  nontoxic,  nonflammable  and  nonexplosive.     It  can  easily  he 
hHndlod  In  an  open  container.    This  solution  is  chemically  stable  and  Hons  „nL-»« 
any  noticeable  change  in  properties  even  after  years  of  uself  ihe'^bsomiSn^lcS^r 

??e°s"h%\?lr^1S^^;evI?t°^?us1°""  ^  f Jf ^i^^lf I^r'rJn^^f Sg'SJlh^  ^ 

Empty  metal  containers  used  for  solution  should  also  be  rinsed  with  fresh  water  to 

eJir"  It°«^n.n'r;.  "'"iJ'r  ^r™'''^  solution  may  be  irritating  to  the  skin  and  ti  tle 
eyes.     It  should  be  washed  off  with  soap  and  water.     If  it  gets  into  the  eyes    wash  with 

1-      When  does  lithium  bromide  become  corrosive? 


What  is  lithium  bromide? 


3.      What  safety  precautions  should  be  observed  when  handling  lithium  bromide? 


C. 


Read  the  following  paragraph  and  answer  the  question, 


PUMPS      The  pumps  that  are  used  with  an  absorption  air  conditioner  are  usually  of 
vJnnn™"  """1??^^  ^^P^'     ^^^^  ^""^  equipped  with  mechanical  seals  when  !hey "reused  L  I 
vacuum    as  they  are  on  an  absorption  air  conditioner.     These  sellfrequLn  heaS  It 
Teaks     On  tJp  f*^^*,'^*"  "^^er  than  air  enters  the  unit  ?2  else  t^e  seaf 

leaks.    On  the  later  model  units,  the  pump  and  pump  motor  are  hermetically  sealed! 


i 
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WATER  VAPOR 


h£AT  exCHANGLR 


STRONG  SOLUTION 


WATER  VAPOR 


A  A 

SALT  SOLUTION 


CONDENSER 


CONDENSrNG 
WATER 


-EVAPORATOR 


CHILLED 
WATER  OUT 


J   CHILLED 

^      ^  WATEl  IN 


EVAPORATOR 
PUMP 


OS* 


Figure  14.     Lithium  Bromide  Systems 
Solution  and  chilled  water  pumps  are  equipped  with  what  type  of  seals? 


D.      Read  the  following  inforination  and  answer  the  questions. 
Absorption  System  Terms 

The  following  terms  describe  the  major  elements  of  the  absorption  refrigeration 
cycle: 

!•      Absorbent:     A  substance  with  the  ability  to  take  up  or  absorb  another  substance. 

2>  Concentrated  Solution:  A  solution  with  a  large  concentration  of  lithium  bromide  and 
a  snisll  amount  of  refrigerant  (water). 

3.  Dilute  Solution:     A  solution  with  a  large  concentration  of  refrigerant  and  a  small 
amount  of  lithium  bromide. 

4.  Heat  of  Condensation:     The  heat  released  when  a  vapor  condenses  to  a  liquid. 

5.  Heat  of  Dilution:     The  heat  released  when  two  liquids  are  mixed  (heat  of 
absorption) • 

1.      What  is  diluted  solution? 


2.      What  is  a  concentrated  solution? 
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E.      Read  the  following  paragraphs  and  answer  the  questions. 
Absorption  System  Components 

Refer  to  figure  15,  Lithium  Bromide  System. 

K„  ^^^^APORATOR.     Chilled  water  flows  through  the  evaporator  tube  bundle      It  Is  cooi.h 

So^e^^'f:^5!she«  lli^l^  ^''^r'  rr  c.iUed  w^ter'^ll'tben  Juiped°t°i'' 

«tlr  noJo        ?f  A  refrigerant  collection  pan.   located  below  the  chilled 

water  coils,  collects  and  stores  the  refrigerant  for  further  cycling  chilled 

^J^^^'*?^*;  foraied  in  the  evaporator  is  absorbed  by  the  lithium 

bromide  solution  that  is  being  circulated  in  the  absorber.     Cooling  waLr  from  the  to.er 
flows  through  the  tube  bundle  in  the  absorber  removing  the  heat  of  absorntlon  i!S»t 
condensation  and  sensible  heat.     The  lithium  bromide  Sus5  be  kep?  cool  aSsirS'iateJ. 

wh^r^°fl!^'^*'^°'*"  bromide  solution  is  pumped  from  the  absorber  to  the  eenerator 

Sf^^n  °'"  provides  the  heat  necessary  to  boll  thl  sJliJlon 

ouJ  V         r?*"  ^^""^         absorbed  in  the  absorber  and  makes  a  strong  so?i?Jor 

out  of  the  weak  solution.  The  strong  solution  then  returns  to  the  absor?ersfc?lon  ?he 
low-pressure  steam  or  hot  water  comes  from  a  boiler.  aosoroer  section.  The 

h„  <-v,f°'^'^f''*J''*",  "^^^  produced  in  the  generator  Is  condensed  in  the  condenser 


GCNERATOR  OUTLET  BOX 


CAPACITY  CONTROL  VALVE 


PC  FRIGERANT 
PUMP 


Figure  15.     Lithium  Bromide  System 
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1.      What  is  the  purpose  of  routing  the  condensing  water  through  the  absorber? 

I  


2.      What  is  the  function  of  the  hesit  exchanger? 


F.      Read  the  following  paragraphs  and  answer  the  questions. 

We  can  compare  the  basic  absorption  cycle  with  the  mechanical  compression  cycle 
which  you  have  already  learned.    Refer  to  figure  16  as  you  proceed  for  the  comparison. 

To  simplify  the  absorption  cycle,  we  will  start  the  cycle  at  the  outlet  of  the 
condenser  and  not  at  the  compressor  as  you  are  accustomed  to. 

High  pressure  liquid  refrigerant  (water)  passes  from  the  condenser  (1)  through  an 
orifice  or  restrictor  (2)  and  expands  into  the  lower  pressure  evaporator  (3),     As  the 
refrigerant  (water)  is  discharged  from  the  orifice  into  the  evaporator  (3),  the  refrig- 
erant (water)  is  cooled  by  flash  evaporation.     The  heat  will  flow  from  the  water 
circulating  through  the  conditioned  space  to  the  liquid  refrigerant,  vaporizing  the 
refrigerant . 

The  refrigerant,  now  a  vapor,  flows  to  the  absorber  (4)  where  the  pressure  is  the 
lowest  in  the  system.     In  the  absorber,  the  vapor  is  absorbed  by  the  lithium  bromide,  a 
salt  solution «     A  combination  of  absorbent  and  refrigerant,  now  mixed,  forms  a  dllut<»d  or 
weak  solution.     This  diluted  solution  being  heavier  than  the  strong  absorbent  settles  to 
the  bottom  of  the  absorber  shell  where  it  is  pulled  out  by  the  solution  pump  (5).  The 
refrigerant  is  recovered  from  the  absorbent  in  this  component  by  distillation.     Heat  is 
applied  to  the  solution  by  means  of  low  pressure  steam  or  hot  water  boiling  out  the 
refrigerant.     The  strong  absorbent  solution  returns  to  the  absorber  and  repeats  the 
process.     The  refrigerant  vapor  passes  to  the  condenser  (1)  where  it  is  cooled  and 
condensed  by  cooling  tower  water  flowing  through  a  tube  bundle. 


Figure  16.     Compression-Absorption  Comparison 
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1.      How  it  the  primary  refrigerant  cooled? 


^.      Where  is  the  lowest  pressure  in  the  absorption  system? 


3.      What  is  the  secondary  refrigerant  on  a  lithium  bromide  system? 


i 


Read  the  following  paragraphs  and  answer  the  auestlona. 


oo^aJeTrare^JsJ^eTr?;..:^'  iSU'lttLt'  "  oo.dltloper  ca.  he 

So'.Ts'5?  Se'  So-»?%Sft%--de-SartErooatrol 

the  op\^^a%7Ji°;/i[n,':?e:!%:jrrjr'°iri;irarjSu';?,-'r:;^„jrj;?'-  - 

1.      What  type  of  control  would  you  find  on  an  absorption? 


STEAM  VALVE 


FiRure  17.     Lithium  Bromide  Electrical  System 
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H.      Read  the  following  paragraphs  and  answer  the  questions. 


Operation,     when  the  main  switch  is  turned  on  it  supplies  voltage  to  the  control 
voltage  line.     The  start-stop  switch  (S/S)  is  energized  to  the  start  position,  startinr 
the  chillf^d  water  pump  through  LS-2  which  is  interlocked  with  a  sot  of  auxiliary  notor 
starter  contacts.     In  series  with  the  auxiliary  contacts  is  a  flow  switch  (FS).  Once 
flow  has  been  established  in  the  chilled  water  circiiit,   the  flow  switch  (FS)  closes 
supplying  voltage  to  the  pneumatic  electric  switch  (PE). 

Upon  a  rise  in  temperature  in  the  chilled  water  ''upply  line,   the  branch  line* 
pressure  of  the  chilled  water  thermostat  (T-1)  will  rise.     The  rise  in  branch  lino 
pressure  causes  the  contacts  in  the  pneumatic  electric  switch  (PF)  to  c'lose,  which 
energizes  tha  condensing  water  line  starter  (LS-3)  starting  the  condenser  piimp.  The* 
cooling  tower  line  starter  (LS-4)  is  energized  simultaneously  through  auxiliary  contacts 
starting  the  cooling  tower  fan.     Once  the  cooling  tower  fan  is  in  operation,   the  coolinr 
tower  Iht^rmostat  (T-2)  will  cycle  the  fan  on  and  off  to  maintain  designed  cooling  water 
tomperaturt?. 

Turning  the  systems  on-off  switch  on,   energizes  the  time  delay  relav  CTP). 

This  supplies  control  voltage  to  the  unit  pump's  line  starter  (LS-1)  throtigh  the  nornal ly 
closed  low  temperature  control   (LTC),  motor  temperatiire  control   (MTP)  and  the  liqiiir' 
level  switch  (LL)  starting  the  pumps. 

Energizing  the  unit  pump  line  starter  (LS-1)  closes  auxiliarv  contacts  to  snpplv 
control  voltage  to  the  solenoid  air  valve  (SV-1).     This  opens  the  solenoid  siipplyinp' 
branch  pressure  to  the  steam  valve. 

1.       When  the  main  switch  is  turned  on  it  supplies  voltage  to  the   


I.      Read  the  following  paragraphs  and  answer  the  questions. 

Systems  water  temperature  changes  are  sensed  by  the  chilled  water  thermostat  (T-l). 
The  thermostat  responds  by  varying  the  branch  line  pressure  to  the  steam  valve. 

When  lower  chilled  water  temperature  is  sensed  by  T-l,   indicating  that  cooling  is  no 
longer  needed,   the  branch  line  pressure  will  decrease  causing  the  pneumatic  elcjctric 
switch  (PE)  to  open.     This  de-energizes  the  condenser  pump  line  starter  which  In 

turn  de-enorgjzes  the  time  delay  relay  (TO),   solenoid  air  valve  (^?V-1),   and     ho  cool  i  ru: 
tower  fan  line  starter  (IiR-4)  stopping  the  fan.     The  loss  of  control  voltage  to  the* 
solenoid  air  valve  (SV-1)  causes  the  steam  valve  to  close,  stopping  stean  t'.  th(? 
generator. 

Prior  to  complete  shutdown,   the  unit  pumpf?  will  continue  to  operate  for 
approximately  seven  minutes,   under  control  of  the  time  delay  relay  (TO),   a  1  lowing  tlu» 
mixture*  of  weak  and  strong  solution.     This  equalization  of  the  solution  thronrhoui 
solution  handling  portion  of  the  system  eliminates  the  possibility  of  cry «tal 1 1 za t i  (^n 
(turing  shutdown. 

The  purge  pump  and  purge  pump  solenoid  valve  (SV-2)  are  energized  by  closing  the 
purge  pump  on  and  off  switch  (S-2). 

1.       ilow  is  the  possibility  of  crystallization  during  shutdown  eliminated? 
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Assignment  In  Preparation  for  Day  49. 

II.     OPERATIONAL  CHECKS  OF  AN  ABSORPTION  SYSTEM 

A.      Read  the  fcl owing  paragraphs  and  answer  the  questions. 

Checks  and  Servicing 

oper^inriT.e'^^llW^^^  ^''-^ed.  Normal 

operation.     At  PartiSf  ?oarJpera??on    JSe  sJlJ?!on  feve?"  f^f"  '^^  '"^^  ^""^^ 

two-thirds  Of  tne  sight  glass;  solution  level  will  vary  between  one-third  and 

octyl^aJcS't'o'^rs^luJirn  TroZl'tr  'ri^'V  l''         -co^^ended  amount  of 
discharge  line!    ThI  Sscharge  SSsf  Srfof  %hf  aLnJh'"^'"^  "^'^^        ^''^  P"™" 
to  15  inches  of  vacuum;  therefore    even  lifl  l>,  solution  pump  is  approximately  5 

draw  the  alcohol  into  ihe  ^chl^I'     ?Ms  "  "^^^        possible  to 

and  absorber  and  improves  "efi^e'if ic'fenV 'rr^rln'^f e°;Ji;g\:L!'^  '"'^^  ^" 

glass'^SiJeTo^I  thTe^po^Ja%J?f"!t":\\JS7eve^?  1h%""^? 

lffTi%^%^-f 

is  running.     A  low  rlTrlllll,^^^^^^^^^  when  it 

1.      How  is  the  correct  solution  level  determined? 


2. 


How  is  the  refrigerant  level  determined?  ^ 


B.      Read  the  following  paragraphs  and  answer  the  questions. 

absorp'?i^"n"a^'?SSd^\T^^^^^^  tJe'^^rSuf  b"ord"^^^^^?'  ^"•'^^  ^-""^^^ 

solidify  under  certain  conditions      To  soT±d7fv  nT        f  "^^O"  crystallize  or 

changes  from  a  liquid  to  a  solid  ^tate      SoU  '"^'^"^  absorbent 

wm  not  cause  permanent  Samage  to  ?Je*uni?      ^JJe^  tn"        ^^'^"^^  ^''^  to  stop,  but 

-".it  may  b«  placed  back  in  SSIratlor    ¥o  J;-«ifiHfJ''^  solution  is  de-solidified,  tho 

It  gets  to  the  SlMonfrj^eruir  ™fk  !L°°;?^r"-.J°"°r         "">•  "P..rd  uStll 
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REMOVING  REFRIGERANT  OR  SOLUTION.     When  it  is  necessary  to  remove  a  part  or  all  of 
the  system  charge,  you  may  use  one  of  the  two  methods  helow.    On  some  units,  the  pump 
discharge  pressure  is  above  atmospheric.     On  these  units,  just  open  a  valve  on  the  pump 
discharge  and  drain  out  the  quantity  desired.     On  units  that  all  pressures  aro  bolow 
atmospheric,  remove  the  charge  using  the  following  procedure.     Refer  to  figuro  17a. 


  Connect  vacuum  hoses  to  service 

valve,   flask  and  vacuum  pump. 

  Operate  vacuum  pump  to  bring  flask 

pressure  below  absorption  unit 
pressure • 

  Open  service  valve  and  solution  or 

refrigerant  will  flow  into  flask. 

Still  another  method  of  removing  solution  or 
refrigerant  is  to  pressurize  system  with  R-13 
or  nitrogen  above  atmospheric  pressure  and 
blow  the  charge  into  a  suitable  container. 
Again,  refer  to  manufacturer's  procedures 
manuals. 


EXHAUST 


VACUUM  LINE 


SERVICE  SYSTEM 


Figure  17a.     Removing  Refrigerant 


Figure  18.    Lithium  Bromide  Solution  Chart 
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1.      What  is  «i  common  characteristic  of  the  lithium  hronir^o  flbj=;orntion  air  conditionor? 


2.      Explain  tho  proccdtiros  for  romovinp  refrigerant  or  soluti 


on. 


C.      Read  the  following  ppraf^raphs  and  answer  the  que^^tions. 

LFAK  CHFCK.     Before  starting  the  unit  that  has  the  absorbent  and  ref riper? nt  in  it, 
the  vacuum  should  be  checked-     Air  may  havvr  entered  the  systen  durinp  the  charp-jnp 
proross  or  through  a  leak  while  it  was  shut  down.     To  do  this,   taVe  r  nanonetnr  rnadinr 
(flpure  19a)  and  the  temperature  of  the  machine  room.     With  thesR  knowns,  plot  tho 
prossnro  tonporature  curve  as  shown  in  figure  19b.     If  th.E>  plotted  pressure  roadinr  is 
moro  than  .1  inch  of  mercury  higher  than  the  pressure  located  on  the  curve,   there  is  air 
in  the  unit.     If  this  condition  recurs  on  the  next  two  or  throe  startups,   the  unit  should 
be  shut  down  as  soon  as  possible  and  tested  for  leaks.     Air  (oxygen)  in  the  presence  of 
lithium  bromide  salt  will  cause  corrosion  inside  the  unit  and  shorten  enuipment  life. 

DRY  VACUUM  TRftT.     After  completing  the  annual  maintenance,   the  systen  should  be 
checked  for  leaks.     Evacuate  the  system  until  an  absolute  pressure  of  at  least  .03  inches 
of  mercury  is  read  on  the  manometer.     Record  this  reading.     Check  the  manometer  again  ?A 
hours  later.     If  there  Is  no  loss  of  vacuum,  then  charge  the  system  with  solution  and 
refrigerant  (water).     If  the  unit  does  not  meet  the  vacuum  requirements,   it  should  be 
tested  for  leaks  with  a  leak  detector. 

To  test  the  system  in  this  manner,  it  is  necessary  to  first  charge  the  unit  with 
rc^friperant  R-12  and  water  pumped  nitrogen.     Charge  the  unit  with  R-12  to  5  psi  or  10 
inches  of  mercury,  continue  charging  with  nitrogen  to  about  18  psip.     When  the  charirinp 
operations  are  completed,  tost  the  system  for  leaks  with  a  leak  detector.     Make  permanent 
repairs  to  any  leaks  found. 

On  newer  systems,  pressurize  with  R-13  is  sometimes  recommended  because  P-13  is  not 
soluble  with  water.     Leak  check  the  system  with  an  electronic  leak  detector.     Out  in  the 
field,  the  service  specialist  will  refer  to  manufacturer's  procedures  for  the  method 
rerommended  for  a  particular  unit. 

1.      What  is  the  effect  if  air  is  in  the  lithium  bromide  salt':> 


Explain  the  procedures  to  do  a  dry  vacuum  test  on  a  lithium  hromirlo  sy.stem. 
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Read  the  following  paragraphs  and  answer  the  questions. 


system"JJ8ses  riltf. SOLUTION.     After  all  maintenance  is  completed  and  the 

aifrSffJgeran?      ?J  chaJ^7J?hTf'?'''  "^''^  *°       ^'^^^^^  '"'^  solution 

ronnl^+fon  ^  ;  J^^^^^^^^  ^^^^  refrigerant,  connect  a  vacuum  pump  to  the  puree 

sys?cm!  "''^"^  """"'^^  *°  ^'^^  absolute  pressure  ofthe 


SERVICE  VALVE 


DRUM 


1/2-^  PIPE  CUT  AT  45-  ANGLE' 


-WATER  OR  LITHIUM  BROMIDE 


Figure  20.  Charging  Refrigerant  or  Solution 

Solution  Charging: 

  ^ZlTl  ^^^^^^^^  1/2-inch  pipe.     Cut  end  of  pipe  at  a  45-  angle  to 

jr^a^'d^JL^^^^^^  -  (See  figure  20^  FiJ?  both 

2.    Insert  pipe  into  drum  and  connect  flexible  hose  to  solution  pump  service  valve. 

^'    ^^^""^^         system  with  the  amount  specified  by  the 

manufacturer  for  the  particular  unit.     Caution  should  be  exercised  to  never  i..t 
the  liquid  level  in  the  drum  drop  below  the  end  of  the  pipe!    {rthls  «hon[d 
happen,  air  would  be  drawn  into  the  unit.  ^^"""^"^ 

Refrigerant  Charging: 

^*    procedure  as  solution  charging. 

—  ^^^^  ^"^"^  ^^""^^^  flexible  hose  to  refrigerant  pump  service 
  Same  procedure  as  solution  charging. 


2. 


3. 
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1.      Explain  the  procedures  for  charging  the  lithium  bromide  system  with  refrigerant. 


2.      Explain  the  procedures  for  charging  the  lithium  bromide  system  w j th  solution. 


E-      Read  the  following  paragraphs  and  answer  the  questions. 

PURGE  UNIT.     The  purge  unit  is  a  necessary  part  of  the  machine.     It  removes,  stores 
and  discharges  to  the  atmosphere,  all  air  and  noncondensables  accumul  a  tod  in  tho  ma<*hin<*. 
It  is  composed  of  three  basic  sections: 


Suction  Chamber.     Weak  lithium  bromide  solution  is  supplied  to  this  chamber  from 
the  discharge  of  the  solution  pump.     As  the  solution  cools,  a  low  pressure  area 
is  formed.     Noncondensables  are  then  drawn  into  the  chamber  from  the  absorber. 
Since  the  absorber  is  in  the  lowest  vacuum,  all  air  and  noncondensables  will 
collect  there. 

Return  Chamber.     The  lithium  bromide  solution  and  all  noncondensables  flow  into 
the  return  chamber.     In  this  chamber,  the  air  and  noncondensables  bubble  up  to 
the  storage  chamber.     The  solution  is  returned  to  the  absorber  through  a  return 
valve. 

Storage  Chamber.     The  noncondensables  are  accumulated  in  this  section  until  the 
exhaust  cycle  then  they  are  discharged  to  the  atmosphere. 


1. 


What  is  the  purpose  of  the  purge  unit? 


2. 


What  are  the  three  basic  sections  of  the  purge  unit? 


STOP! 


You  have  completed  the  directed  study  asf^lgnment  in  preparation  for  Day  49. 
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ABSORPTION  MACHINE 

Strong  Sol  Lvr  Cone  ..p 
Strong  Sol  Lvg  IIX  _.p 
Intermediate  Sol  Abs  Spray  --p 
Dilute  Sol  Lvg  Abs  ..p 
Dilute  Sol  Lvg  HX  ..p 
Condensing  _.p 
Refrigerant 
Chilled  HgO  in 
Chilled  HgO  out 
Cooling  HgO  in  Abs 
Cooling  HgO  out  ABS 
Cooling  HgO  out  Cds 

Solution  Level 
Refrigerant  Level-Spill  Yes/No 
Strong  Solution  Concentration  % 
Dilute  Solution  Concentration  % 

Spread 
Steam  Press  in 
Remarks  and  Comments: 


OPERATIONAL  ANALY5?IS  CHART 


PROBLEMS 

CAUSE 

REMEDY 

1.  Lithium  Bromide 
Solidifies  at 
Startup 

a.  Condenser  water  below 
designed  temperature. 

b.  Air  in  machine. 

c.  Steam  pressure  too  high. 

a.  Reset  tower  water  bypass 
valve. 

b.  Purge  system. 

c.  Reset  pressure  regulating 
va  1  ve . 

2.  Lithium  Bromide 
Solidifies  Dur- 
ing Operation 

a.  Condenser  water  below 
design  temperature. 

b.  Improper  purging. 

c.  Salt  buildup  on  absorber 
tubes  and  spray  nozzles. 

a      Reset  tower  water  bypass 
valve. 

b.  Check  purge  system. 

c.  Add  octyl-alcohol . 

3.  Low  Capacity 

a.  Air  in  machine. 

b.  Scale  in  condenser  tubes. 

c.  Not  enough  solution  con- 
centration in  generator. 

d.  Refrigerant  overflow  from 
evaporator  to  absorber. 

c .     ^(tpu. ty  comroi  va i  ve 
returning  too  much  weak 
solution  back  to  absorber. 

a.  Repair  leak  and/or  purge 
system. 

b.  Remove  scale  and  treat 
water. 

c.  Check  amount  of  steam  flow 
and  pressure. 

d.  Remove  part  of  refrigerant 
charge. 

e.  Reset  control  to  correct 
temperature. 

4.  Machine  Shuts 
Down  on  Safety 

a.  Motor  overload  opr.'ns. 

b.  No  load  when  diluting. 

a.  Find  reason  and  reset 
overload. 

b.  Check  temperature  control- 
ler and  reset  if  needed. 

5.  Solidification 
During  Shutdown 

a.  Dilution  cycle  not  long 
enough. 

b.  No  load  when  diluting. 

a.  Lengthen  dilution  cycle 
to  at  least  7  minutes. 

b.  Open  reclaiming  valve  to 
put  load  on  machine. 

6.   Air  Leak  1  n1*n 
Machine 

a .     Hiiy  connecbioni   iitting  or 
component  exposed  to  atmos- 
phere may  be  cause. 

a.     (1)    Check  for  leakage  at 
valves. 
(2)     Check  vertical  purKo. 

?•  Loss  of  Vacuum 

**  l#     i^ll  U  bUWWIl 

a.     Air  leakage  into  machine. 

a.     (1)     Check  for  leakage  at 
valves, 
(2)     Perform  leak  check. 

8.  Fai 1 nre  to  Keep 
Me       ne  Purged 

a.  Air  leakage  into  machine. 

b.  Vertical  purge  not  removing 
noncondensables  properly . 

a.     Perform  leak  check. 

»J  •     \  ^ )     i-necK  raxe  or  purge , 
(2)     Purge  solution  solid- 
1  fled.     Po-sol Idi  fv . 
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3770  Technical  Traininp  Group 
(Civil  Fnrineorinp  Traininp) 
Shcppard  Air  Force  Base,  Texas 
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CYLINDEP  UNLOADERS  AND  HUiaOITY  CONTROLS 

OBJECTIVE 

When  you  have  completed  this  unit  of  instruction  on  tbo  8.5-ton  roci procati nr 
trainer,  you  will  be  able  to: 

  liOcate,   identify  and  state  the  functions  of  safety  controls  and  mn.lor 

components. 

  Locate  operational  and  capacity  controls,  state  their  fnnction?=5  and  aH-jupt  for 

proper  operations. 


INTRODUCTION 

The  successful  opera t ion  of  radar  equipment ,  commun i cat inns  networVs ,  missi 1 e 
guidance,  automatic  data  processing  computers,  and  other  applications  required  equlnnent 
coolinp:  and  ventilation  systems  which  cannot  stand  wide  temperature  and  humidity 
varl ations. 

Thn  control   of  temperature  may  be  required  to  within  1  1**F,  and  the  humidity 
tolerance*  within  _  ^5  porcent.     Uolatlve  humidity  control  usually  allows  ;i  rront«»r 
tolerance  hut  must  be  low  enouph  to  minimize  rust  and  corrosion  whilo  h  i  rh  ennurh  t.o 
prevent,  static  electricity  charp:es  from  arcinp:- 

To  control  the  temperature,  humidity  and  ventilation  in  larpe  equipment  applica- 
tions, many  controls  must  be  used  to  effect  the  desired  conditions.     Combinations  of 
electrical,  pneumatic  and  electronic  controllers,  and  controlled  devices  work  as  a 
unified  team  to  produce  the  successful  system  operation. 

The  checking  of  system  efficiency  apainst  designed  performance  data  is  ,1ust  as 
important  as  checking  the  calibration  and  adjustment.     In  fact,   it  should  be  a  prinary 
consideration . 

Compressor  capacity  control  can  be  achieved  in  numerous  methods — ranpinr  from 
pressure  switches  to  complex  hydraulic  systems,  dependinr  upon  the  system  in  use*. 

In  all   fields  of  air  cond  1  1 1  f)n  1  njr ,   the*  d(\sirn  Cf>nfl  1 1 1  on?;  will  linve  vnrinl>l<»  MnM?;. 
The  usual  extreme  conditions  exist  when  the  temperature  is  over  8n*F  or  below  7n'r,  and 
if  the  humidity  is  loss  than  30  percent  or  more  than  50  percent.     Flaintainlnp  the  exact 
ranpe  is  often  difficult  but  can  be  achieved  with  properly  operating  systems. 

Assignment  in  Preparation  for  Hay  50 

I-       CYLINDER  UNLOADERS 

A.       Read  the  following  parap^raph  and  answer  the  questi.o. 

FUNDAMENTALS  OF  PIRFCT  FXPy^vc^TON 
AIP  CONDITIONING  FOUTPMrNT 

Diri.'ct  expansion  is  a  flescriptive  term.     It  describes  the*  tvpe  nf  rr^  f  r1  rem  1 1  nn 
system  used.     Evaporators  are  sometimes  called  expansion  coils.     When  the  evaporator 
cools  the  air,   the  system  is  called  direct  expansion.     Tf  a  secondary   re'f'rl  rerant  (brine 
or  chilled  water)  is  used  to  cool  the  air,   the  system  Is  known  as  indirect  expansion. 

1.       Explain  a  direct  exf)ansion  system. 
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B.      Read  the  following  paragraph  and  answer  the  question. 

evaporator  capacity  1b  not  required  under  these  conditions.  because  full 

1.      How  is  capacity  control  accomplished? 


C.      Read  the  following  paragraphs  and  answer  the  questions. 

CAPACITY  CONTROL 

Cylinder  Unloaders 

multinfi^vfr^'^  compressor  capacity  control  is  used  almost  universally  on  large 
multiple  cylinder  compressors  driven  bv  alternntino-  /^uKKonf  «i«  *  j  ^"  inr^e 

sfJx'fr  ;ev.=  "^^"^^^^^^^^^^^^^ 

turns  ott.  WltS  tSls  wett.  ?he?I  LE^  ff^J?  '  ;"'"«™lne<l  P»lnt,  ,„a  the  unit 
and  capacity  coSt^lva?ve!'     ""^"^"^"^  ""loader  power  element,  hydraulic  relay 


63b 


ERIC 


4-2 


^    H  M 

FiRure  21.     Cylinder  Unloader  Assembly 
1.      How  may  cylinder  unloading  be  accomplished? 


How  many  cylinders  will  be  loaded  at  all  times? 


D.      Read  the  following  paragraphs  and  answer  the  questions. 

OPERATION:     The  operation  can  be  traced  in  figure  22.     The  pressure  from  the 
crankcase  is  fed  through  a  surge  chamber  which  changes  the  pulsating  pressure  to  a 
stabilized  oil  flow  to  the  capacity  control  valve  (1).     As  the  increase  of  pressure 
enters  the  valve,  an  internal  bellows  is  expanded;  and  the  push  rods  attached  to  the 
needle  and  seat  assembly  pull  the  needle  toward  the  seat.     This  action  increases  the 
control  oil  pressure.     The  increase  of  pressure  in  the  crankcase  is  also  passed  throt:Kh 
the  oil  pump  to  the  hydraulic  relay  (2). 

NOTE:     This  pressure  is  true  oil  pressure  plus  suction  pressure. 

rhe  increased  oil  pressure  will  bleed  through  the  port  in  the  end  of  the  relay  piston  and 
force  the  piston  to  move  one  notch  against  the  ball  and  spring  assembly  for  each  increase 
)f  2  psi.     For  each  increase  of  2  psi,  the  repositioning  opens  a  port  leading  to  an 
inloader  power  element  (3). 

NOTE:     There  is  one  less  cylinder  unloader  power  element  than  total  numhor  of 
cylinders;  this  means  that  one  cylinder  will  be  fully  loaded  at  all 
times. 
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agalnsl         TsTorf/ct:",;ll^^^^^^^  it  is  forced 

assembly  (4).  The  fulcrum  action  causes  JS!  ffftf^e  /^v  T^^^"^  °"  ^"'-i"^  fork 
unloader  sleeve  (5)  to  drop?    The  droDolne  Liion  of  tu""^  "^^""^  ^11°*^  the 

....nst  «e  «sc  type  .„ctl„„  vilil'f^.^irsUrirojriS"  lllt\Z.llT^L'lhitL. 


Figure  22.     Cylinder  Dnloader  Circuit 
1.      How  many  cylinder  unloaders'  power  elements  would  be  found  on  a  system? 


2.      What  pressure  does  the  unloader  power  element  oppose? 
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Read  the  following  paragraphs  and  answer  the  questions. 


ADJUSTMENT.    The  capacity  control  raechanisra  must  be  adjusted  to  maintain  a  balance 
between  the  load  and  compressor  capacity.    This  adjustment  is  made  by  turning  the 
external  adjustment  stem  on  the  capacity  control  valve.    Turning  the  adjusting  stem 
clockwise  (in)  unloads  the  cylinders.    Turning  the  adjusting  stem  counterclockwise  (out) 
loads  the  cylinders. 

The  ideal  setting  of  the  capacity  control  valve  is  achieved  when  the  first  cylinder 
unloads  at  a  pressure  of  3  psi  below  the  design  suction  pressure.     The  capacity  control 
valve  loads  and  unloads  cylinders  in  steps  to  balance  the  compressor  capacity  with  the 
heat  load.    The  compressor  must  be  completely  loaded  before  the  capacity  control  valve 
can  be  correctly  set.     If  it  is  impossible  to  fully  load  the  system  before  settinp  the? 
control  valve,  adjust  the  valve  to  give  a  minimum  of  cycling  and  make  the  final 
adjustment  when  the  system  is  fully  loaded.     A  step--by-step  procedures  for  adjusting  the 
capacity  control  mechanism  is  contained  in  the  workbook  exercises  that  are  used  with  this 
study  guide. 

1.      Turning  the  adjusting  screw  clockwise  does  what  to  the  cylinder? 


What  is  the  ideal  setting  of  the  capacity  control  valve? 
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TROUBLE  ANALYSIS 


TROUBLE 

PROBABLE  CAUSE 

REMEDY 

Low  Suction 

*■        O  O  U  A, 

Cylinder  unloader  out  of 
adjustment 

Restricted  liquid  line 
Insufficient  airflow 

TEV  power  assembly  lost  charge 

Adjust 

Clear  restriction 

(1)  Clean  filter 

(2)  Tighten  air 
handler  belt 

Replace  TEV 

High  Suction 
Pressure 

Cylinder  unloader  out  of 
adjustment 

Excessive  load  on  system 

Adjust 
Close  doors 

Low  Discharge 
Pressure 

Outside  air  temperature  too 
low 

Pan  pressure  switch  out  of 
adjustment 

Consider  possibility 
of  capacity  for 
condenser 

Adjust 

High  Discharge 
Pressure 

Pan  pressure  switch  out  of 
adjustment 

High  outside  temperature 

Dirty  condenser 
Noncondensables  In  system 

Adjust  fan  switch 

Check  condenser  for 
cleanliness 

Clean  condenser 

Purge 

Abnormal  Noises 

Low  compressor  oil  level 
Loose  belt 
Broken  motor  mounts 
Vibrating  refrigerant  lines 

Bearings  on  fan  or  motors  bad 
Compressor  slugging 

Add  oil 
Tighten  belt 
Replace  mounts 
Anchor  lines 

Replace  bearings  or 
replace  complete  fan 
or  motor 

Install  accumulator 

— —  —   

Trouble  Analysis  Chart 
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II.    tfmp?:raturf  and  humidity  control 


A.       Rorid  tho  following  paragraphs  and  answer  thr  question. 

Application  of  Series-90  Control 

It  Is  often  desirable  to  control  the  temperature  of  an  equipment  coollnf*  space  by 
controlling  the  ammount  of  air  that  circulates  across  a  direct  expansion  (OX)  coil. 
Figure  27i  is  a  diagram  of  this  application. 

When  the  room  temperature  cools  below  the  set  point,   the  room  thermostat  wiper  noves 
toward  the  blue  lead  B-     This  causes  more  current  to  flow  in  the  right  circuit  of  tho 
resistance  bridge,  energizing  the  CCW  winding  of  the  face  and  bypass  danper  motor.  The 
face  damper  will  close  and  the  bypass  damper  open  until  the  resistance  bridge  circuits 
are  again  in  balance. 


1.      Fxplain  how  the  temperature  of  the  cooling  space  is  controlled  using  a  series  fo 


Figure  23.     Face  and  Bypass  Damper  Temperature  Control 


control . 
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B.      Read  the  following  paragraphs  and  answer  the  question. 

APPLICATION  OF  TEMPERATURE  AND  RELATIVE  HOMIDITY  CONTROLS 

r^^^^l'"^^^^^^^^^^  temperature 
whcrev«.r  a  variable  condition  must  be  eontroiifr  ^         ^"^"'"^^ic  controls  can  be  used 
.™p.r..„,e,  „.  „,e"  Zr,lL^'Tllti\  „'5'ft°S'.%'?St"f;  ^.l^ttrtSoU. 

Control  of  Temperature  and  Relative  Humidity  (RH) 

T^ermos?If  t'Ii  1^6  S^;^s?arl-lf°^bT^:Siress^;'  '''T.  ^^^""^^^  °' 

that  all  the  cylinders  are  loaded  tHp  h^nf If  w  °^P^°^*y  control  has  been  adjusted  so 
reheat  coll  Is^iosed!  "he  SJJtmum  sensJbfe  indicated,  and  the 

Placed  on  the  system  to  prodlSe^^^Joom'^c^Jd^^SS  'orTs-rTnl  5o1e?c°ln1^i5. ''^^ 

Of  the'rl™?at';-'f  tT?^:p  ^irhl:^^:°lTL^d°TsiT.°?  point 

the  capacity  control  (Cylinder  OSLders^^  Jh^t      ""^  5°  maximum.  Adjust 

ADP  Is  40-F.     Observe  the  SpeJatJon  of^he  svsJel      w  '^^^        unloaded  when  the 

maintain  the  desired  room  cSndJtloJs?  ^  ^''^  controls,  as  necessary,  to 

1.      What  controls  are  used  for  the  control  of  the  system? 


C.      Read  the  following  paragraphs  and  answer  the  question. 
High  Limit  Ilumldlstat 

i>ut  .1:  ;r:en'rs?gru:??'L"c^''rsir;e:ceS?        i"™""^  ^  ^-'-^^^^^ 

accomplished  very  lasUy  by  Inserting  a  serlesSJ  h        7^^"^'  ^''^^^ 
serles-90  circuit  (see  figure  24).  serles-90  high  Umlt  humldlstat  In  a  basic 

Support  that  the  maximum  humidity  allowed  In  the  PniHnmo„+ 
percent,  and  the  thermostat  Is  set  with  the^fLp  «„h  ^y''*®"  50 

humidity  remains  below  50  percent    III  hJulLill      *    ^yPf^ss  half  open.     As  long  as  the 
humidity  m  the  room  goes  abJJI  sO  Jerce™    the  huminf^t'/i'^  ^'     "^^^  ^he 

causing  the  humldlsta?  pot  wiper  to  moSI  Jiw^Jd  5      Jhf«      ^"^"^  ^^^""^ 
the  right  serles-90  clrcuxt.    More  cuJJInt  ^^r.J^t  adds  more  resistance  to 

the  damper  motor  will  turn  clockJtse    SneJlni         7  clockwise  relay  winding; 

the  DX  coll.  more  moisture  will  be  removIS  ?rom  ft^^^^'^^^P^f-  ""'"'"e         goinu  over 

decrease.     The  hlgh-Umlt  hJildlstar^m  over^lJ^tSf  thlr^o^^'J'  'll^  ''"'^'^"^  will 

damper  to  open  more  than  the  thermostat  wanirit  ?o      NlIur«?fv     ^rl°^"^^  ^''^ 
open  more  than  the  thermostat  Is  calling  ?Sr  It  to  ;npn    +h!    ^'     I  '^^"P®'" 
below  the  desired  value.    This  Is  corrected  bv  Jrfi^r  *    ^®  1°°"'  temperature  will  drop 
operating  on  command  of  a  second  pot"n  JSe  Kom  reheat  steam  or  hot  water  coll 

in  figure  24.     This  system  will  maintain  Snt^??p^'"°^*!*-    ^  complete  system  Is  shown 
limits  of  an  equipment  cooJng  systel      pfeu^P  5!  ^^^P^^ture  and  humidity  within  the 
accomplished  by  a  -f rlge°?iJL^^^p%\^?;us^{«L"c?n^lS?rSg%\%'Jo^i;fe?S^L;:?;!i?  l^stel^ 
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VKAAAA 

AAAitLLOws 

©  ©  0 

i  m 

DASHID  LINES 
EXTERNAL 
WiPiNG  w 


HIGH  LIMIT  HUMIDISTAT 


HAIR     P)  SPRING 


I 


t 


SIGNAL  o 

foR  r"^?«v 

CLOCKWISE  " 
ROTATION 


_  SIGNAL  FOR 
o  'COUNTER  (V) 

o  Clockwise  ^ 

.^ROTATION 


L 


© 


CLOSE  OPEN 
FACE  DAMPER 


FACF  AND  BYPASS  DAMPER 

Serle8-90  High  Limit  Humidity  Con^rol 


HEHLAT  VALVt, 


-REHEAT  MOTOR  SHAFT 


n 


• — HIGH  LIMIT  HUMIDISTAT 


ClOSE  FACE  OPENN 
  DAMPER 


Figure  24.    Complete  Temperature  and  High  Limit  Humidity  Control 
How  is  moisture  removed  from  the  condition  space? 
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lU'ntl  tUo  rollowlnc  paraRraphs  anri  answer  thp  qucati 


onR. 


»h,  *        !     ?    ^  typl<"al  equipment  coollnR  system  is  shown  In  fim.re  PS  Th^ 

th<;rmnstat  control.^  the  temperature  of  the  air  in  the  po.h  nml„I^  < 

<lono  by  modnlatinp  the  face  and  bypass  damners      Thi  ^^oo  f  ^P^^e-     This  Is 

arranged  that  they^  operate  opposite  each  Sfhe?.'    JSin  ?ho  ?ace  dannf/r"'"'"^  f  ^  ^° 
bypass  damper  is  closing.     The  face  dampe?  will  be  1/4  oneJ  -L?  tHr*,^  opening,  the 
open.     When  the  temperature  is  at  sPt  nofnt    i,^*^  *  '     open  when  the  bypass  damper  is  3/4 

half  position.     Hairp^sJuonVaJ  b:^jrie;'e^;Jer'Salf':;en'rf'ha?rjl"  ^'^^^^  'V''' 
space  becomes  warmer  than  the  set  point  of  the  thermostat  f7R°P        Lf^°^^''*  Z*:^" 

tZl'ul''  i^:'l/'']rr\''  ''^  ther.os?at  and  c*omman;%^%'"J;ce';amJe?%o'oien  more 
4n'F    .fi'i  ^^vlnR  a  mean  surface  temperature  (apparatus  dew  nolnt)  of  =hLi- 


lEGEND 


■    fiED  WIRE 

 WHITE  WIRE 

 BLUE  WIRE 

D>t  COIL    DIRECT  EXPANSION 

FiFuro  25.     .Schomatlc  of  a  Typical  Equipment  Coolinp  System 
How  does  tho  thermostat  control  the  temperature  of  the  coolinp  spare? 


2. 


nxplaln  the  operation  of  the  hlrh  limit  humldlstat  as  the  P/ri  oxceods  50". 
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1%.       Read  the  folJowlnjc  par-iRraph  and  answer  the  question. 

Id  summing  up  the  actions  of  the  thermostat  and  high  limit  humidistat,   the  thermo- 
stat controls  the  face  e^ty^l  bypass  dampers  and  reheat  coil.     The  humidistat  has  more 
authority  than  the  tht*rmostat  in  controlling  the  face  and  bypass  dampers  and  can  override 
the  thermostat  in  cauf^i.Rg  the  face  damper  to  open  wider  than  usual.     The  humidistat  has 
no  control  of  the  reh<?at  coil.     In  this  manner,  both  temperature  and  maximum  humidity 
requirements  can  be  maintained  in  an  equipment  cooling  space. 


RChCaT  VAlVl 


00  0 


NlAN 


0 
0 


FRONT 
POT 


ThtRMOST  AT 


0n 


MUMiniST  AT 
H.OH  LIMIT 

00  0 


0  W  W 


fACf  ANn  Bypass 

OAMPi  •.  MOTOR 


NOIL     All  Wiring  ShOWN  is  2AV  AC 


Figure  26.     External  Wiring  of  Temperature  and 
High  Limit  Humidity  Control  System 


1.      Which  control  has  more  authority? 


F.      Read  the  following  paragraphs  and  answer  the  questions. 

Low  Limit  Humidi*  Control 

As  mentioneu  previously,   in  some  equipment  cooling  systems  we  do  not  control 
humidity  within  a  close  tolerance. 

Now  that  you  are  familiar  with  high  limit  humidity  control  and  how  to  accomplish  It, 
low  limit  conti'ol   (below  45  percent)  will  be  discussed. 

Low  limit  humidity  is  controlled  by  another  humidistat  (H-2),  which  can  i*r)ntrol 
either  a  modulating  steam  valve  or  spray  nozzles  to  add  moisture  to  the  conditioned 
space. 

The  low  limit  humidity  control  loop  has  its  own  step  down  transformer  and  there  is 
an  airflow  switch  in  series  to  the  line  side  of  the  transformer.     With  this  type  setup, 
it  is  impossible  for  the  low  limit  humidity  loop  to  function  unless  the  air  handler  is 
operating.     The  system  is  designed  this  way  to  prove ut  the  injection  of  steam  or  spray 
water  into  the  air  handler  while  the  air  handler  is  o.T. 
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1.      What  does  the  low  limit  humidistat  control  when  R/H  falls  below  455-0? 


2.      How  is  moisture  added  to  the  air  of  controlled 


space? 


i 


STOPl 


YOU  have  completed  the  directed  stncly  assignment  in  preparation  for 


Day  50. 
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Assignment  in  Preparation  for  Day  51 


A.  Study  and  complete  ATC  SG  E3ABR/0Ba  00001. 

B.  Given  a  source  document,    identify  tho  vul  norabl  I  1 1  los  assoclatrH  wltli  i  ln» 
refrigeration  and  cryogenics  career  field  with  nr  more  than  two  errors. 

INFORMATION 

Being  assigned  to  the  refrigeration  and  air  conditioning  shop  in  civil  engineering 
does  not  Involve  too  many  security  precautions.     After  all,  what  could  be  classified 
about  a  water  cooler,  a  household  refrigerator  or  even  a  commercially-made  air 
conditioner?    But  think  again!     Where  are  these  units  located?    Or  better  yet,  where 
could  they  be  located?     If  they  are  in  your  base  dining  facility  or  your  office,  no 
problem;  but  these  units  are  not  always  located  in  an  unsecure  area.     They  could  be  in  a 
very  sensitive  area.     Keep  in  mind  that  even  though  these  units  themselves  are  not 
classified,  their  physical  location  might  be. 

There  are  those  of  yv^u  being  assigned  to  a  missile  base,  Minot,  Grand  Forks,  Little 
Rock,  Malmstrom  or  Davls-Monthan,     But  you  say,  my  assignment  sheet  reads  Civil 
Engineering,   I'm  not  going  to  be  in  missiles.     Who  do  you  think  the  missile  squadrons 
call  when  they  have  a  problem  their  people  cannot  handle?    That's  right,   they  are  goln^^ 
to  call  the  Base  Civil  Engineering  Squadron.     On  most  bases,  civil  engineering  prtjvldos 
direct  support  for  air  conditioning  and  refrigeration  equipment.     So,  as  you  can  ni>w  see, 
you  may  be  involved  with  missiles  and  the  security  vuln^     bilities  involved  with  th? t 
type  of  weapon  system. 

The  first  time  you  are  dispatched  to  a  missile  complex  you  will  probably  be  curious, 
looking  around  and  asking  questions.  Maybe  your  questions  will  be  answered  and  maybe  not. 
In  any  event  what  vou  see  or  hear  must  be  kept  to  yourself.     This  goes  as  far  as:  how 
far  it  is  to  a  specific  site,   in  which  direction  or  how  many  missiles  are  located  there. 
It  is  easy  to  say,  everyone  knows  how  far  it  is  out  there.     The  farmers  even  know  because 
it  is  on  their  land.     Maybe  they  don't  know.     Or  if  they  do,  they  might  not  know  the 
exact  location. 

Then  there  is  always  the  building  where  they  store  the  missiles  and  warheads  and 
these  buildings  are  going  to  be  air-conditioned.     There  is  Real  Property  Installed 
Equipment  (RPIE),  and  civil  engineering  personnel  must  maintain  it.     You  could  make  a 
slip  and  mention  how  critical  the  temperature  and  humidity  has  to  be.     All  of  this  could 
be  information  the  enemy  could  use  to  determine  how  they  could  inflict  damage  to  our 
missile  force  during  an  armed  conflict  anywhere  in  the  world. 

Now,  how  about  those  of  you  who  have  nothing  to  do  with  mssiles  or  missile  bases? 
You  are  still  saying  what  could  be  classified  on  my  base?    Just  about  evey;  base  will 
have  a  communications  center.     All  their  equipment  has  to  be  air-conditioned.  Granted, 
the  air  conditioning  equipment  itself  is  not  classified,  but  to  work  on  it  you  are  going 
to  be  required  to  be  inside  the  building  and  around  classified  equipment. 

Have  you  ever  heard  of  the  Command  Post  on  this  base?     That's  right,  every  base  will 

have  one.     They  will  also  have  the  Base  Headquarters  building  and  in  most  cases  a  Control 

Tower  and  Radar  Approach  Control  (RAPCON)  building.  These  all  have  some  form  of 
classified  material  or  equipment. 

Then  some  of  you  are  being  assigned  to  a  unit  that  might  require  a  security 
clearance — such  as  a  Mobile  Communications  Squadron,  Radar  Squadron  or  even  a  Security 
Services  Base,  such  as  Goodfellow  Air  Force  Base.     In  these  areas  you  will  constantly  be 
involved  with  security  precautions  and  their  vulnerabilities. 

Keep  in  mind  also,  that  security  precautions  dj  not  just  apply  while  you  are  working 
on  the  base.     They  also  apply  off  base,  during  your  free  time.     Getting  together  with  a 
group  of  friends  and  relating  different  experiences  or  troubles  encountered  on  a  Job 
could  relate  to  classified  information  to  the  trained  ear.     Remember,  "Big  Brother"  Is 
watching  and,  more  important,  listening. 

As  you  can  see,  just  because  you  are  being  assigned  to  a  Civil  Enplnooring  Squjuiron, 
you  will  still  be  involved  with  the  vulnerabilities  of  security. 
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OPERATIONS  SECURITY 

Tr?rms  Explained 


re™.l  oper.tlon.1  capabilities  or  IntentloL  .hen  Srip°e?l"1JKted°''aSd  anaiJSd.  *°"" 

susceptible  to  hostile  exploitation.    The  purpose  of  OPSKU  disclosure 
et'eeo"f.™„"s°°  inteliuence  Indicators  that  can  be  use5"rS:,"de"pei»"«l 

History  and  Background  of  OPS  EC 

systematized  means  to  Identify  and  eliminate  ei^rioSJces  if^rn^ormajf""'  "  "  . 

Writ-  tv,  missing  word(s)  in  the  blanks  below: 

1-     T'-e  first  formal  OPSEC  program  was  developed  to 


The  

overall  OPSEC  pjogranT 


proved  to  be  a  ^ 


=      IV**  succss§  or  .allu--  of  most  major  combat  operations  depends  on  the  element  of 
patterns  of  behavior  ca.  ...come  warning  signs  to  enemy  iStelllgenS  colUcJoJs? 
3-     The  success  or  failure  of  most  major  combat  opera^-.lons  depends  on  the 


4.     Usually,  de^^lnlte 

 _  or  actions  are  followed, 

and  these  can  become 

-  ^  to  enemy 


...  Information  about  planned  operations  Is  not  new    these  actlviti*.^ 

institute  countermeasures  to  reduce  or°%'ilmSI%h%'\^var^?:K  o?'s:^  *° 

5.     Indications  of  planned  operations  can  be  obtained  because  the   o, 

 .  _  are  continually   


eliminate  the 


may  provide  time  to  institute   to  reduce  or 
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The  need  for  overall  security  is  not  limited  to  major  combat  operations,  but  Is  also 
important  for  any  operation,  including  peacetime  maneuvers.     In  the  case  of  combat 
operations,  prior  knowledge  of  the  enemy  can  give  him  time  to  take  defensive  actions 
which  will  cause  the  operation  to  be  Ineffective  or  fail  completely.  Peacetime 
operations  which  are  known  to  a  potential  enemy  can  give  him  an  advantage  militarily  and 
diplomatically. 


7.     The  need  for  security  is  evident  concerning  major  combat  operations,  however,  It  is 
also  important  for 


8.    When  an  enemy  has  prior  knowledge  of  an  operation  it  gives  him 


9.     Peacetime  operations  security  is  important  since  disclosure  of  plans  gives  an  enemy 


Studies  in  intelligence  show  how  information  can  be  gathered  by  an  enemy  without  the 
violation  of  security  rules  by  our  forces.     Such  actions  as  posting  flight  schedules,  the 
establilshing  of  flight  patterns,  or  increased  observable  activities  can  give  an  enemy 
insight  into  a  pending  operation.     Finally,  unclassified  communications,  when  gathered 
and  compiled  by  a  trained  agent,  can  be  very  detrimental  to  the  success  of  an  operation. 
Awareness  of  unclassified  leaks  of  information,  and  their  contribution  to  tho  failure*  of 
classified  operations,  must  be  maintained  constantly  if  we  are  to  have  a  good  OI^RC 
program. 


10.     Intelligence  studies  show  how  information  can  be  gathered  by  an  enemy 


11-     contribute  to  the 

faiiHire  of 


Relationship  of  Ca^^EC  to  Other  Security  Programs 

Communication  Security  (COMSEC).     As  you  learned  previously  in  your  study  of  COMSEC, 
communications  are  absolutely  essential  to  the  success  of  any  operation.     The  need  for 
communication  security  cannot  be  overstressed.     The  relationship  of  COMSEC  and  OPSEC  is 
very  real  and  cannot  be  separated. 


12.    are  absolutely    to  the  of 


any  . 

Any  type  of  communication  can  violate  OPSEC;  official  or  unofficial,  classified  or 
unclassified,  written,  transmitted,  or  face  to  face  communications  all  require  control  in 
order  to  have  an  effective  OPSEC  program. 


13.     What  kind  of  communications  are  vulnerable  to  interception  or  compromise? 
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COMMON  OPSBC  VULNERABILITIES 

Operational  Indicators 

a.    Sterotyped  sequences  of  events  comprising  various  phases  of  the  operation. 
.nr.>J;.tS:'"'""°"  ^^-^        .ot  have  proper  safeguards  for  sensitive 

levei;  o?"cSiLl5?  °'  ""Classified  reports  at  specific  interval,  to  specific  units  or 

d.     Sterotyped  patterns  of  flight  actf'.ity  at  a  particular  location. 
Write  in  the  letter  of  the  operational  indicator  that  best  fits: 

1.  servicing  all  the  aircraft  on  a  base  simultaneously  would  be  an  example  of   . 

2.  Requests  to  FAA  for  special  flight  clearances  would  be  an  example  of   . 

3.  Increased  activity  at  gunnery  or  bombing  ranges  would  indicate   

4.  Reports        Civil  Engineering.  Security  Police.  Accounting  and  Finance,  and  Supply 
concerning  an  upcoming  operation,  would  fall  into  the  category  of   . 

Procedural  Indicators 

a.  Public  information  releases 

b.  Posting  of  operational  plan  information  in  unsecure  areas. 
unsecJre^areisf  °'  *""«P°''tation  schedules,  and  dining  hall  schedules  in 

d.     Distinctive  emblems  or  paint  on  vehicles,   buildings  or  aircraft. 
o...r:;io„«^:^:-h^  !^;:f^'^^  — -„the  location  or  starting  date  of  the 

f.    Logistics  build-up  or  positioning  of  support  materials  and  facilities. 
fS'     Special  briefings,  meetings  or  religious  services. 

i.     Exercising  or  testing  portions  of  a  plan. 

  5.  Unsecure  phone  conver-ition's  about  takeoff  schedules. 

 ^  6.  Duty  rosters  on  squadron  bulletin  boards. 

  T.V.  coverage  of  maneuvers. 

  «.  Stockpiling  of  supplies  in  exposed  areas. 

  9.  Sudden  appearance  of  special  clothing  items  or  other  equipment. 


i 


4-16 


ERIC 


65u 


  Identifying  codes  or  nicknames  appearing  regularly  on  correspondence,  in  commu- 
nications on  supplies  and  equipment  or  aircraft. 


  11.     Personnel  restrictions. 

  12.     More  than  normal  amount  of  overtime  work. 

Communications  Indicators 

a.  Plain  language  communications  associated  with  a  planned  operation  and  conducted 
during  the  planning,  preparatory  and  execution  phases. 

b.  Use  of  unchanging  or  infrequently  changing  call  signs  and/or  radio  frequencies. 

c.  Sterotyped  message  characteristics  which  are  indicative  of  particular  types  of 
military  activity. 

d.  A  significant  increase  or  decrease  in  message  traffic  volume. 

e.  Activities  of  new  communications  facilities  in  support  of  an  operations  plan. 

In  the  following  exercise,  place  the  letter  of  the  communication  indicator  which  identi- 
fies the  communications  indicator,   in  the  blank  space  provided: 

  13.     Mobile  communications  and  control  facilities  moved  into  position  prior  to  the 

start  of  an  operation. 

  14.     Increased  courier  flight  into  and  out  of  a  base. 

  15.     Unsecured  phone  conversations  concerning  an  upco'^^ng  operation. 

  16.     Changing  long  used  call  sign??  just  prior  to  the  start  of  an  operation. 
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Yon  wm  n<«,  ,.,.ko        nx.rci.so  dealing  with  the  Information  from  this  -study /work book 


EXERCISE 

S«rvl<Ung  all  mobile  communications  equipment  on  your  base  would  be 


an  example  of 


Requesting  special  spare  parts  from  base  supply  is  an  example  of 


:^:?^jy%r:ri'ro:x^ri  t^^^     °"  ^^-^^^^  ^"^^-^^  ^^^^^^^  would  be 


Calling  your  girl/boy  friend  to  tell  them  you  are  breaking  your  date  because  of  a 
special  project  underway  Is  an  example  of  what  type  communlcatio!!;  indicator? 


mobile  communications  equipment  to  a  central  location  prior  to  an 
operation  would  be  what  type  of  vulnerability  indicator? 


Servicing  an  air  conditioner  in  a  Major  Command  Headquarters  building  is  a/an 
  ^indicator- 

Servicing  air  conditioning  equipment  In  a  Major  Communications  Center  would  be  a/an 
  indicator. 

TNTKLF.rOKNCK  INDICATORS: 

A.  Operational 

B.  Procedural 

C-  Communicatlonal 

STOP! 

You  Imvo  completed  the  direct  8tudy  assignment  In  preparation  for  Day  5K 
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'r.<^ining  Group  WB  J3ABR54530  001-VI-1 

(Civil  Engineering  Training)  Janua^ry  1983 

Sheppard  Air  Force  Base,  Texae 

AIR  HANDLERS 
Part  1 

OBJECTIVE 

Given  a  disordered  list  of  steps  required  to  replace  air  handler  bearings,  shafts, 
belts  and  pulleys?  and  adjustment  of  damper  linkage,  place  the  steps  in  order  with  no 
more  than  four  errors. 

PROCEDURES 

w         the  space  provided,  list  the  steps  required  to  replace  air  handler  bearings, 
shafts,  belts  and  pulleys,  and  adjustment  of  damper  linkage. 

Steps 


Install  bearings 

1. 

Remove  shaft 

2. 

Remove  pulley 

3. 

Install  belts 

4. 

Adjust  damper  linkage 

5. 

Install  shaft 

6. 

Install  pulley 

7. 

Remove  power 

8. 

Remove  bearings 

9. 

Remove  belts 

10. 

Part  2 

OBJECnVE 


Given  the  information,  state  the  steps  for  lubricating  air  handler  bearings  and 
checking  the  bearings,  belts,  and  pulley  alignment  with  no  more  than  three  errors. 


PROCEDURE 


and  pSllSj  aligSmStf "^"^^  ^^^^^  lubricating  and  checking  bearings,  belts. 
Bearings     


Belts 


Pulley 


65b 


ERIC 


1-2 


3770  Technical  Training  Group  WB  J3AB?54530  001-.VI-2 

(Civxl  Engineering  Training)  January  1983 

Sheppard  Air  Force  Base,  Texas  January  1983 

CENTRIFUGAL  AIR  CONDITIONING 
Part  1 

OBJECTIVE 

Select  from  a  list  of  principles,  those  that  apply  to  the  operation  of  centrifugal 
axr  conditioning  system  with  no  more  than  two  errors, 

PROCEDURE 

Given  the  list  of  principles  of  operation,  underline  those  that  apply  to  the 
centrifugal  air  conditioning  system. 

1.  Must  move  a  large  volume  of  refrigerant  to  achieve  large  cooling  capacity. 

2.  Must  be  in  a  deep  vacuum. 

3o      Liquid  refrigerant  flows  by  gravity  from  the  condenser  to  the  evaporator. 

4.  Lithium  bromide  having  the  ability  to  absorb  large  amounts  of  water  vapors. 

5.  Suction  dampers  is  used  as  capacity  control. 
(' .      Compressor  uses  two  pistons  for  compression. 

Part  2 

OBJECTIVE 

in-^iSlr^"*  5^""^  ^^f^ram  of  the  refrigerant,  chilled  water,  and  condenser  water  systems, 
indicate  by  designated  colors  and  arrows  the  flow  end  direction  of  each  system.  No  more 
than  two  errors  permitted.  »jroi-cm.    no  more 

PROCEDURE 

Correctly  trace  the  flow  (cycle)  of  refrigerant  through  the  primary  refrigerant 
systwn. 

Identify  operation  and  maintenance  procedures  and  tra.-?®  the  flow  of  liquid 
through  the  secondary  refrigerant  system. 

Identify  and  explain  the  functions  of  major  components  of  the  centrifugal 
refrigeration  machine.  ' 

Using  figure         and  colored  pencils,  complete  the  following: 

Color  with  a  light  green  pencil  the  condenser  water  circuit,  indicate  the  water 
inlet  and  outlet  connections  with  arrows  showing  direction  of  flow. 

With  a  regular  lead  pencil,  darken  the  chilled  water  circuit,  and  indicate, 
with  arrows,  the  chilled  water  inlet  and  outlet  connections. 

c.  With  a  red  pencil,  color  the  high  pressure  refrigerant  gas  and  liquid. 

d.  With  a  blue  pencil,  color  the  low  pressure  refrigerant  gas  and  liquid. 

e.  use  arrows  to  the  direction  of  refrigerant  flow. 
^*  machiie*  ^"  ^  ""^  °^  refrigerant  through  the  centrifugal 


a. 


b. 


e-57 


Figure  1.     Refrigerant  and  Water  Flow 

Using  the  diagram  you  have  just  completed,  go  to  the  machine  and  trace  the  flow  of 
refrigerant. 

Operation,  Maintenance  and  Flow  of  Secondary  Refrigerants 

Proceed  to  the  centrifugal  unit  and  trace  the  condenser  and  chilled  water  circuit 
through  the  chiller.    When  you  have  done  this,  answer  the  following  questions  without 
error. 


1.      What  liquid  circulating 
circuit? 


in  the  centrifugal  system  is  considered  to  be  a  closed 


2.      What  liquid  circulating  unit  in  the  centrifugal  system  is  considered  to  be  an  open 
circuit? 


3.      What  is  the  purpose  of  the  butterfly  valve? 


4.      Where  does  chilled  water  enter  the  evaporator? 
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Why  is  there  a  condenser,  cooling  tower,  and  water  storage  tank? 


what  point  in  the  centrifugal  unit's  condenser  must  condenser  water  enter  first? 


Locate  the  following  components  on  the  machine  and  explain  their  function. 
Motor 

a.  Voltage:  ^  

b.  A^Tiperage:  

c.  Function:     

d«  Horsepoi^er:   

e.      Cooling  Means: 


Compressor 

a.  Type:   

b.  Number  of  Stages: 

c.  Purpose:   


d.  Speed; 


Condenser 

a.  Purpose: 


b.  Refrigerant  inlec  Location: 

c.  Refrigerant  Outlet  Location:   

d.  Normal  Condenser  Pressure  and  Temperature: 

e.  Type  of  Design:   

f.  Purpose  o£  the  Baffle: 

g*  Secondary  Purpose:   


why? 


Identification  and  Function  of  Major  Components 
of  the  Centrifugal  Refrigeration  Machine 


Economizer 
a.  Purpose: 


b.  Approximate  Pressure:   

c.  What  maintains  this  prei^3ure? 


Evaporator 

a.  Type:  ^  

b.  Inlet  Location:     

c.  Outlet  Location:   

d.  Normal  Refrigerant  Temperature: 

e.  Refrigerant  Level:   

f.  Purpose  of  the  Baffle: 


g.      Purpose  of  the  Distributor: 


h.      Purpose  of  the  Eliminator: 


Capacity  Control 

a*  Type:   

b.  Purpose: 


c.      Row  is  it  controlled? 


Purge  Unit 
a.  Purposes 


b.  Type  of  Compressor: 

c.  Safety  Devices: 
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^  CBJI'-TIVE 


no  more 
PROCEDURE 


re'^tSai^oni^fr^"^''"^  ^"^"^         ^'^^^       maintaining  the  chilled  water  system  with 


In  the  space  provided,  state  the  steps  in  maintaining  the  chilled  water  system. 
Evaporator  tubes: 


Water  treatment: 


Part  4 

OBJECTIVE 

refriaiJa?iIl!%i2S;^^^  ^^^^^  required  for  pressure  checking  the 

refrigeration  systems  with  dry  nitrogen.    No  more  than  two  errors  permitted. 


PROCEDURE 


Ltroge 

Steps 

1. 


2. 


3. 


4. 


5. 


ERIC 


Part  5 


OBJECTIVE 

Given  a  disordered  list  of  steps  required  for  charging  a  centrifugal  system  with 
refrigerant,  place  the  steps  in  order  with  no  more  than  two  errors, 

PROCEDURE 

In  the  space  provided ,  arrange  the  steps  in  order  required  for  charging  a 
centrifugal  system  with  refrigerant. 


Accurately  check  refrigerant  level  before  attempting  to  add  refrigerant.  If 
refrigerant  level  is  low,  determine  the  cause  for  the  loss  before  proceeding. 

Close  charging  valve  and  disconnect  refrigerant  drum. 

Charge  until  liquid  level  appears  in  center  of  evaporator  sight  glass. 

Charge  until  liquid  level  appears  in  center  of  evaporator  sight  glass. 

Elevate  drum  above  liquid  level  in  evaporator  to  induce  a  gravity  flow. 


OBJECTIVE 

Working  as  a  member  of  a  team  and  using  a  centrifugal  system  trainer,  check,  adjust 
and  perform  maintenance  on  the  compressor  and  system  controls  with  instructor  assistance. 

EQUIPMENT 

Trainer,  centrifugal  air  conditioner  system 
PROCEDURE 

Check  .-ettings  of  all  controls  and  safety  switches. 

NOTE:    Make  ad justmen'^.s  as  necessary  upon  instructor  approval. 

a.  Chilled  water  control  45*. 

b.  Condenser  water  control  85", 

c.  Oil  pressure  control  cut-out  4  pvf,  cut-in  8  psi  usable  oil  pressure. 

d.  Oil  temperature  control  130-135*  differential  fixed  5** 

e.  Low  temperature  control  cut-out  32*,  cut-in  42* 

f.  Motor  temperature  control  cut-out  120*,  cut-in  11 0\ 

g.  High  pressure  control  cut-out  2-inch  vacuum,  cut-in  12-inch  vacuum, 

h.  Purge  hicih  pressure  control  cut-out  40  psi,  cut-in  25  psi. 

i.  ^urge  he^xet  temperature  control  cut-out  140*,  cut-in  132*, 


Part  6 
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Part  7 


'5JECTIVE 


working  as  a  member  of  a  team  and  using  a  centrifugal  system  trainer,  operate  the 
purge  recovery  unit  with  instructor  assistance. 

EQUIPMENT 

Trainer,  centrifugal  system  purge  unit. 
PROCEDURE 

  Using  the  centrifugal  unit  and  figure  2,  identify  the  conpononts  and  their 

purposes  by  the  corresponding  numbers. 

  Operate  the  purge  recovery  unit  with  instructor  assistance. 


A. 


NUMBER 


10 


12 


13 


14 


NAME 


PURPOSE 
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Figure  2.     Purge  Recovery  Unit 


15 


16 


17 


18 


I 


1. 


B.      Answer  the  following  questions. 

What  are  Ihet  noncondensables  that  the  purge  unit  must  remove  from  the  unit? 


2.      How  is  the  purified  refrigerant  returned  to  the  cooler? 


3.      What  causes  the  refrigerant  vapor  to  condense  once  it  is  in  the  purge  drum? 


4.      How  dox9  t.he  pu.       jrun  separ&te  the  refrigerant,  air  and  water? 


5.      Why  are  there  tvio  water  supply  valves  going  to  the  purge  drum? 


6.      For  what  reason  is  the  oil  separator  maintained  between  132*  amd  140*F? 


Operate  purge  recovery  uni\t. 

(1)  Depress  the  purge  conpressor  switch  to  manual   (located  on  the  centrifugal 
control  panel). 

(2)  Observe  operation/purge  drum  cic^itglass. 

(3)  Depretf*  thi-  purge  conqpressor  switch  to  the  off  position- 

(4)  If  required,  remove  the  water  thru  *^h*  manual  blow-off  valve. 
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Part  8 

OBJECTIVE 

working  as  a  member  of  a  team  and  using  a  centrifugal  system  trainer,  operate  the 
compressor  and  perform  the  operational  checks  on  the  system  while  applying  safety 
precautions  pertaining  to  high  intensity  sound  with  instructor  assistance. 

EQUIPMENT 

Tr-siner,  centrifugal  air-conditioning  system 
PROCEDURTS 

Perform  preoperational  check  and  operation  of  c *ntrifugal  machine  to  optimum 
efficiency  and  performance. 

Preopurational  Check  and  Operation 
of  Centrifugal  Machine 

Preoperational  Check 

1.  Infiiare  all  power  is  off 

a.  Main  circuit  breakt^r. 

b.  Secondary  bieaVers. 

2.  Check  oil  levels 

a.  Compressor   ^lI  uxmp 

b.  Purge  coxrpressor 

3.  Check  evaporator  liquid  l«vel 

a.  Located  be^ow  and  to  the  right  of  t^  -oanei 

b.  1/2  bulls  eye 

4.  Check  supply  air  pressure  gauge  locatvd  .  ^  side  of  control  panel  (20  psi). 

5.  Check  the  position  of  the  following  switches t 
a.      Unit  Control  Panel  (see  figure  3) 


(1) 

S-1 

Conpressor  oil  pump  -  AUTO 

(2) 

S- 

Purge  oil  heater  -  ON 

(3) 

S-3 

Purge  compressor  -  AUTO 

(4) 

S-4 

Manual  demand  limiter  -  40  PERCENT 

(5) 

S-5 

Reset  -  RESET 

Main 

Power 

Panel 

(1) 

S-IO 

Condenser  vater  pump  -  ON 

(2) 

S-11 

Cooling  Tower  Fan  -  AUTO 
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S< 

S-3 

S-5 

RUPi 

ON 

AUTO 

RESET 

B 

B 

TEST 

OFF 

MAN 

OIL 
PUMP 

PURGE 
HEATER 

PUR6E 
COMPRl:SSOR 

PL-8 


PL- 9 


S-4 

PERCENT 
FULL  LOAD 
SO  10 

40/  \100 
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1 


i 

J 


Figure  3.    Control  Panel 
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6.  Turn  on  main  circuit  breaker  at  this  time, 
NOTE:    Purge  oil  heater  is  now  energized. 

7.  Check  unit  control  panel  indicator  lights, 

a.  Red  lights  for  low  temperature,  high  prf?gsure,  and  motor  temperature  control 
should  be  out, 

NOTE:    If  any  red  indicator  lights  are  lit,  depress  reset  switch. 

b.  Amber  lights 

(1)  Purge  heat  -  lit 

(2)  Oil  pressure*  purg^  compressor  off 
Turn  five  circuit  breakers,  located  next  to  main  breaker,  ON. 

9,  Turn  on  all  circuit  breakers,  located  in  circuit  breaker  panel  directly  above 
centrifi>-al  electrical  panel,  ON,  f      x  a  teccAy  aoove 

10.  Depress  start  buttons  for  both  single  and  multi-zone  air  handlers, 
NOTE:    Air  handlers  are  now  operating*. 

Unit  Start  up 

NOTE:    Prior  to  start  up,  insure  all  steps  have  been  completed  on  preoperational 

K^^fv;  Check  indicator  lights  on  unit  o-ontrol  panel.  Only  one  light  should 
be  illuminated,  the  amber  light  for  the  purge  heater.  «wuia 

^t^^^lA  ^^f"^  ^""""^  located  on  Main  Power  control  panel.    This  will  start  the 

chilled  water  pump,  closing  its  two  sets  ui  auxiliary  contacts. 

2.      The  following  sequence  of  evei^ts  will  occur  automatically, 

a.      CtVv^enser  water  pump  starts. 

iTillAl  JSpe^tSre!'*  thermostat  and  it  will  now  cycle  to 

c.  Power  applied  to  oil  pump  switch  6  1. 

d.  Oil  punp  starts. 

e.  Oil  pressure  control  closes,  eunber  light  lights. 

f.  Compressor  starts,  starting  30-minute  time  delay  restart  cycle. 
NOTE:    Unit  cannot  be  restarted  until  cime  delay  times  out. 

g.  After  approximately  five  seconds,  solenoid  air  valve  opens. 

NOTE:    This  allows  unit  to  start  with  the  suction  dampers  clo»«ed.  Allows 
compressor  to  start  and  come  up  to  full  speed  completely  unloaded,, 

f^T^rop^^pe'rltJo""'  ""''"^  °"  P*"^^'    ^^'-^  P^^* 

*      relJj!^"'*^  machine  is  now  <t  full  operation  under  control  off  TCI  and  Load  Limiting 

NOl'E:    At  this  time,  check  the  control  panel  for  indicator  lights,    should  have 
three  amber  lights  lit,  NO  red  lights.  ouuuxa  nave 


Operating  Procedures 

Let  unit  operate  at  40  percent  load  for  10  minutes,  then  make  the  following 
recordings: 

1.  Condenser  Inlet  Temperature:   

2.  Condenser  Outlet  Temperature:  

3.  Chilled  Hater  Inlet  Temperature:     

4.  Chilled  Water  Outlet  Temperature:    

5.  Oil  Prestsure:   

6.  Evaporator  Pressure:  

I.  Cond&nser  Pressure:  

8.  Purge  Drum  Pressur/^:  

9.  Supply  Air  Presr>urr>«  

10.  Output  Air  Pressure:  

NOTE:     Items  4  through  10  are  located  on  control  panel. 

II.  Unit  Aittperage  Draw,  as  indicated  on  ammeter:  

12.    Your  instructor  will  determine  if  the  load  is  sufficient  to  increase  the  manual 
demand  limiter  switch  above  40  percent,    if  it  is,  take  the  previous  readings  for 
increased  setting  after  unit  has  stabilized. 

1.      Centrifugal  Machine  Operational  Control 

a.  List  the  control  that  operates  the  crentrifugal  machine. 

"  ■  ■  '  ■  '  ■  ~  •      '  ■■  ■  '  ■ "  ---       --     -  ^   ^  ^ 

b.  List  the  control  which  regulates  the  pooling  capacity. 


c.      How  does  the  demand  limiting  mechanic:^  function? 


2.      Chilled  Wai-er  System  Control 

a.      How  is  chilled  water  controlled  at  the  individual  cooling  ceils? 


b.      The  chilled  water  is  modulated  to  control  what  variable? 


c.     HOM  does  the  amount  of  chilled,  water  flow  r.ffect  the  operation  of  the 
centrifugal  machine?  ^ 
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stopping  Procedures 

1.  Depresfi  stop  button  TBI,  located  on  Main  Power  Control  Panel. 

2.  Turn  the  following  switches  to  the  indicated  position. 

a.  Control  Panel: 

(1)  Oil  Pump  -  OFF 

(2)  Purge  Heater  -  ON 

(3)  Purge  Compressor  -  OFF 

(4)  Reset  -  RESET 

(5)  Demand  Limiter  -  40  PERCENT 

b.  Main  Power  Panels 

(1)  Condenser  water  Pump  -  OPF 

(2)  Cooling  Tower  Fan  -  OFF 

3.  Turn  OFF  all  remaining  circuit  breakers,  one  at  a  time. 

4.  Turn  OFF  mauL^^r  breaker. 

5.  What  is  the  function  of  the  load  liiaitiii^  mechanism? 

6.  HOW  does  this  unit  affect  the  operation  of  the  centrifugal  machine? 


Can  this  unit  be  ran  without  the  purge  unit?    Explain  your  answer. 
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3770  Technical  Training  Group 
(Civil  Engineering  Training) 
Sheppard  Air  Force  Base*  Texas 


WB  J3ABR54530  001-VI-:;, 
January  1983 


ABSORPTION  AIR  CONDITIONING 

OBJECTIVE 

using  an  absorption  system  trainer  and  an  absorption  cycle  schematic,  label  the 
^Jo^s^'peStt'ed/  ^^"^        ""^^  solution  and  refrigerant.     No  more  than  4 

EQUIPMENT 

Trainer,  air  conditioner,  absorption 
PROCEDURE 

^4"^''!'^^^  ^^""^  lettered  components  in  figure  4  and  write  their  names  after  th^ 
corresponding  letters  in  the  space  provided. 

-    Locate  and  trace  the  flow  of  refrigerant  and  absorbent  in  a  lithium  bromide 
system,  using  a  lithium  bromide  flow  c> -»rt  and  an  absorption  system  trainer. 


1. 


I 
J 
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Figure  4.    Lithium  Bromide  Absorption  System 
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2.      Refrigerant  and  Absorbent  Flow 

1.      Obtain  a  red  and  blue  pencil  from  your  instructor. 


2.  Refer  to  figure  4. 

3.  Color  in  the  flow  of  weak  solution  from  the  bottom  of  the  absorber  to  the 
generator  using  light  red.     Draw  an  arrow  to  shrArf  direction  of  flow. 


4. 


5. 


Color  in  the  flow  of  strc-vgi  solution  from  generator  to  absorber  spray  nozzles 
using  heavy,  dark  red  cclor^ng.     Draw  an  arrow  to  show  direction  of  flow. 

Color  in  primary  ref r:  7erar.t  flow  from  consenser  to  evaporator  using  heavy  dark 
blue  coloring.     Draw  an  arrow  to  show  direction  of  flow. 


6.  Color  in  cooling  tower  water  using  light  blue  coloring.     Draw  arrow  showina 
direction  of  flow.  ^ 

7.  Color  in  chill  water  flow  using  a  regular  pencil.     Label  the  chill  water  line 

Chill  Water. " 

8.  Locate  the  steam  line  and  label  it  "Stear^i  Line." 

9.  Using  the  diagram  you  have  just  completed,  go  the  machine  and  :  race  the  flow  of 
refrigerant  and  8olui:.ion. 


Part  2 


OBJECT!^ 


Given  the  information,  state  the  procedures  for  leak  testing  tha  absorption  air 
conditioning  system,  with  nc  more  than  3  errors. 


PROCEDURE 


In  the  space  provided,   list  the  procedures  for  leak  tesMng  the  absorption  air 
conditioning  system. 

1*      Vacuum  Test 
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2.      Pressure  Test 


Part  3 

OBJECTIVE 

Using  an  absorption  system  trainer  and  equipment  provided,  operate  the  system. 
While  operating  the  dy9tea,  record  temperature  and  pressure  readings  on  the  system 
operation.    No  more  that^  2  errors  permitted. 

EQUIPMENT 

Trainer,  air  conditioner,  absorption,  mercury  thermometers 
PROCEDURE 

Perform  preoperational  checks,  start-up  and  shut-down  procedures  as  outlined  in  the 
workbook  project  urtien  your  Instructor  so  indicates. 

1r      Insure  the  machine  switch  (S-2)  is  in  the  off  position. 

2.  Insure  all  power  is  on  (motor  control  panel). 

a.  Main  breaker 

b.  Absorption  unit 

c.  Air  handler 

d.  Chilled  water  pump 

e.  Condenser  water  pump 

f.  Cooling  tower  fan 

3.  Perform  a  standing  vacuum  test. 

4.  Check  purge  compressor  oil  level  and  condition  of  the  oil. 

a.  Oil  level  -  Between  the  two  marks  on  the  oil  level  sight  glass. 

b.  oil  must  be  cleared. 

5.  Operate  purge  recovery  unit 

a.  Turn  switch  (S-1)  on* 

b.  Open  the  manual  shutoff  valve. 

6.  Make  certain  the  pneumatic  control  system  is  under  20  psig  main  air  pressure, 
a*      Main  air  gage  is  located  on  the  absorption  unit. 

b.      Make  certain  the  refrigerated  air  dryer  located  in  the  centrifugal  classroom  is 
on* 
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7.  Make  certain  thegre  is  hot  water  under  pressure  going  to  the  concentri^toir. 

a.  Hot  water  temperature  -  approximately  180* P. 

b.  Turn  on  the  hot  water  converter  and  select  absorption  machine  with  the 
electrical  switch  located  in  centrifugal  classroom. 

8.  Check  switches  in  the  pneumatic  control  panel. 

a.  Pre-heat  coil  -  manual. 

b.  Cooling  water  •  manual. 

c.  Heat  exchanger  for  condenser  water  manual. 

d.  Heat  exchanger  load  -  manual. 

9.  Open  access  valves  "A"  and  "B^"  valves  "C"  and  "D"  closed  (pump  motor  cooling  and 
lubrication  connections). 

10.  Visually  inspect  the  unit  and  air  handler  for  defects  and  water  leakage. 


UNIT  PILOT  LIGST 


PURGE  PTOP  PILOT  LIGHT 


UNIT  SWITCH 


PURGE  SmCTCH 


Electric  Control  Panel 

Unit  Start  Dp 

CAUTION:    Prior  to  start  up,  insure  all  steps  have  been  completed  on  preoperational 
check.    Do  not  start  the  unit  until  the  instructor  says  to  do  so. 
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Motor  Control  Panel 

1.  Pr«88  start,  chilled  water  pump.  (D$-2} 

2.  Auto,  coMenser  water  pwp.  (D8-3) 

3.  Auto,  cooling  tower  fan.  (DS-4) 

4.  Press  start,  air  handler.  (DS-S) 

5.  Depress  S-2  to  the  on  position. 

NOTE;    The  unit  will  start  at  this  tittej  however,  if  the  unit  shuts  down  within  30 
seconds  to  2  ninutes  in  opei^iftiony  the  unit  nay  have  cycled  off  on  a 
safety.    The  instructor  will  explain  the  procedures  for  resolving  the 
malfunction  and  restarting  the  unit. 


OPERATING  PROCBDURBS 

Let  the  unit  operate  for  15  minutes,  then  make  the  following  recordings: 

Thirty  Minute  Intervals 


1 .      strong  sol  Ivg  cone 

2.      Strong  sol  Ivg'  H3F 

3.      Intermediate  sol  abs  spay 

4.      Dilute  sol  Ivg  abs 

5.      Dilute  sol  Ivg  HX 

6.  Refrigerant 

7.      Chilled  in 

8.      Chilled  H2O  out 

9.      Cooling         in  abs  ^ 

10*      Cooling         o^t^  abtf 


1 1 •      Cooling        «out  cds 


12*      Solution  level 


13.      Refrig  level  -  spill 


14.      Hot  H2O  in 


15.      Hot  H2O  out 


Remarlcs  &  Ccnments: 


stopping  Procedures 

1 •      Depress  S-2  to  the  off  position  on  the  absorption  control  electric  panel  and  allov 
the  machine  to  complete  its  dilution  cycle. 

2.  After  dilution  cycle  titter  has  stopped  the  machine,  position  the  following  switches, 
located  on  the  motor  control  panel* 

a.  Press  stop,  chilled  water  pump.  (DS-2) 

b.  Off,  condenser  water  pump.  (DS-^3} 

c.  Off,  cooling  tower  fan.  (DS-4) 

d.  Press  stop,  air  handler.  (DS-5) 

3.  Turn  off  the  following  circuit  breakers,  located  on  the  motor  control  panel. 

a.  Air  handler 

b.  Chilled  water  pump. 

c.  Condenser  water  pump. 

d.  Cooling  tower  fan. 

CAUTION:    Do  not  turn  off  the  main  breaker  and  absorption  unit  breaker. 

4.  Depress  the  S-1  to  the  off  position  (purge  unit),  and  close  the  manual  shutoff 
valve. 

5.  Turn  off  the  hot  water  converter  and  select  the  centrifugal  machine  with  the 
electrical  switch  in  the  centrifugal  classroom. 
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(Civil  Engineering  Training)  January  1983 

Sheppard  Air  Force  Base,  Texas 

CYLINDER  UNLOADERS  AND  HUMIDITY  CONTROL 
Part  1 

OBJECTIVE 

Given  a  list  of  ten  statements,  select  three  of  the  five  which  describe  the 
operating  principle  of  cylinder  unloaders. 

PROCEDURE 

Select  three  of  the  five  statements  which  describe  the  operating  principle  of 
cylinder  unloaders. 

  ^-      Cylinder  unloaders  are  used  universally  on  large  centrifugal  compressors. 

  2.      Capacity  control  is  maintained  by  holding  the  suction  valve&  open. 

  3.      Cylinder  unloading  may  be  accomplished  electrically,  pneumatically  or 

hydraulically. 

  4.      When  the  unit  starts,  there  are  two  cylinders  operating. 

  5.      The  ideal  setting  of  the  capacity  control  valve  is  achieved  when  the  first 

cylinder  unloads  at  a  pressure  of  5  psi  below  the  design  suction  pressure. 

  Cylinder  unloaders  use  the  internal  oil  pressure  to  operate. 

  7.      when  the  unit  shuts  down,  there  is  only  one  cylinder  operating. 

  ®-      Cylinder  unloaders  load  the  cylinders  as  the  heat  load  decreases. 

  ^-      A  system  using  cylinder  unloaders  will  maintain  a  very  close  temperature 

control . 

  10-      Turning  the  adjusting  stem  clockwise  (in)  loads  the  cylinders. 

Part  2 

OBJECTIVE 

Working  as  a  member  of  a  team  and  using  an  air  condition'ur  trainer,  adjust  the 
cylinder  unloaders  to  value  specified  by  the  instructor  with  instructor  assistance. 

EQUIPMENT 

Trainer,  Air  Conditioner 
Amprobe 

PROCEDURE 

Using  an  air  conditioner  trainer,  operate  and  adjust  the  cylinder's  unloaders  as 
outlined. 
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Adjustment  Procedure 

1.  Determine  a  pressure  that  is  equal  to  a  40*P  coil  ten?>erature  using  a  PT  chart* 

2.  Turn  the  adjusting  stem  counterclockwise  to  load  all  cylinders. 

3.  Throttle  the  suction  service  valve  until  the  desired  pressure  is  achieved  at  the 
suction  gage. 

4.  Turn  the  adjusting  stem  clockwise  to  unload  one  cylinder. 


Part  3 

OBJECTIVE 

Given  a  list  containing  ten  statements  relative  to  the  types  and  purpose  of  humidity 
control  equipment  Which  are  correctly  stated. 

  1.      The  high  limit  humidistat  (H-l)  will  override  the  thermostat  and  command  the 

face  damper  to  open  more  than  1/2. 

  2.      The  humidistat  has  control  of  the  reheat  coil. 

  3.      Relative  humidity  control  usually  allows  a  greater  tolerance  but  must  be  low 

enough  to  minimise  rust  and  corrosion  while  high  enough  to  prevent  static 
electricity  charged  from  arcing. 

  4.      The  DX  coil,  having  a  mean  surface  ten?>erature  (apparatus  dew  point)  of  alxsut 

45  P  will  remove  more  grains  of  tabisture  from  the  circulating  air  and  in  time 
will  lower  the  space  relative  humidity. 

  5.      H-l  is  wired  in  series  with  T-1. 

  ^-      The  low  limit  humidistat  control  the  reheat  coil. 

  7.      The  low  limit  valve  has  a  failsafe  motor. 

  limit  humidity  is  controlled  by  another  humidistat  (H-2),  which  can  control 

either  a  modulating  steam  valve  or  spray  nossles  to  add  moisture  to  the 
conditioned  space. 

  ^-      The  air  flow  switch  is  wired  parallel  with  H-2  circuit. 

  10.      The  purpose  of  the  air  flow  switch  is  to  shut  down  the  system  when  there  is  no 

air  flow. 


Part  4 


OBJECTIVE 


Given  th«  information,  state  the  adjustment  procedure  for  humidity  control  equipment 
with  no  more  than  one  error. 

PROCEDURE 

In  the  space  provided,  state  the  adjustment  procedure  for  humidity  control 
equipment. 


EKLC 


3770  Technical  Training  Group  WB  J3ABR54530  001-VI-6 
(Civil  Engineering  Training)  January  1983 

Sheppard  Air  Force  Base,  Texas 

PUBLICATIONS 


Part  1 


OBJECT 

Select  from  a  list  of  five  definitions  the  one  which  defines  the  scope  and 
application  of  the  technical  order  system. 

PROCEDURE 

From  a  list  of  five  definitions,  underline  the  one  which  defines  the  scope  and 
application  of  technical  order  system. 

1.  General  in  content  arid  not  issued  against  specific  systems  or  equipment. 

2.  Instructions  for  mod.lfying  equipment  and  performing  one  time  inspections. 

3.  Provides  technical  information,  instruction,  and  safety  procedures  pretaining  to  the 
operation,  installation,  maintenance,  inspection  and  modification  of  all  Air  C^'orce 
materials  and  equipment  of  a  highly  technical  nature.    Applied  to  all  Air  Force  and 
civilian  DOD  personnel. 

4.  A  lawful  order. 

5.  Explains  the  TO  systemr 

Part  2 

^  OBJECTIVE 

Use  the  manufacturer's  manual^  perform  one  of  the  following  maintenance  tasks  as 
designated  by  the  instructor. 

1.  Check  purge  pump  and  motor  pulley  alignment. 

2.  Check  V-belt  tension. 
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